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CONSTITUTION  OF  THE  ASSOCIATION.' 


OBJECTS. 

The  Association  shall  be  called  "  The  American  Associa- 
tion for  the  Advancement  of  Science."  The  objects  of  the 
Association  are,  by  periodical  and  migratory  meetings,  to  pro- 
mote intercourse  between  those  who  are  cultivating  science  in 
different  parts  of  the  United  States ;  to  give  a  stronger  and 
more  general  impulse,  and  a  more  systematic  direction,  to  sci- 
entific research  in  our  country ;  and  to  procure  for  the  labors 
of  scientific  men  increased  facilities  and  a  wider  usefulness. 

MEMBERS. 

Rule  1.  Members  of  scientific  societies  or  learned  bodies 
having  in  view  any  of  the  objects  of  this  Association,  and 
publishing  transactions,  shall  be  considered  members  on  sub- 
scribing these  rules. 

Rule  2.  Collegiate  professors,  also  civil  engineers  and  archi- 
tects who  have  been  employed  in  the  construction  or  superin- 
tendence of  p.ublic  works,  may  become  members  on  subscribing 
these  rules. 

Rule  3.  Persons  not  embraced  in  the  above  provisions  may 
become  members  of  the  Association  upon  recommendation  in 
writing  by  two  members,  nomination  by  the  Standing  Com- 
mittee, and  election  by  a  majority  of  the  members  present. 


1  Adopted  August.  25,  1856,  and  ordered  to  go  into  effect  at  the  opening  of  the 
Montreal  Meeting. 
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OFFICERS. 

R.ULE  4.  The  oflficers  of  the  Association  shall  be  a  Presi- 
dent, Vice-President,  General  Secretary,  Permanent  Secretary, 
and  Treasurer.  The  President,  Vice-President,  General  Sec- 
retary, and  Treasurer,  shall  be  elected  at  each  meeting  for  the 
following' one ;  —  the  three  first-named  officers  not  to  be  re- 
eligible  for  the  next  two  meetings,  and  the  Treasurer  to  be 
reeligible  as^long  as  the  Association  may  desire.  The  Perma- 
nent Secretary  shall  be  elected  at  each  second  meeting,  and 
also  be  reeligible  as  long  as  the  Association  may  desire. 

■  MEETINGS. 

Rule  5.  The  Association  shall  meet,  at  such  intervals  as  it 
may  determine,  for  one  week  or  longer,  —  the  time  and  place 
of  each  meeting  being  determined  by  a  vote  of  the  Associa- 
tion at  the  previous  meeting ;  and  the  arrangements  for  it 
shall  be  intrusted  to  the  officers  and  the  Local  Committee. 


STANDING  COMMITTEE. 

Rule  6.  There  shall  be  a  Standing  Committee,  to  consist 
of  the  President,  Vice-President,  Secretaries,  and  Treasurer  of 
the  Association,  the  officers  of  the  preceding  year,  the  pernia- 
nent  chairman  of  the  Sectional  Committees,  after  these  shall 
have  been  organized,  and  six  members  present  from  the  Asso- 
ciation at  large  who  shall  have  attended  any  of  the  previous 
meetings,  to  be  elected  upon  open  nomination  by  ballot  on 
the  first  assembling  of  the  Association.  A  majority  of  the 
whole  number  of  votes  cast  to  elect.  The  General  Secretary 
shall  be  Secretary  of  the  Standing  Committee. 

The  duties  of  the  Standing  Committee  shall  be, — 

1.  To  assign  papers  to  the  respective  sections. 

2.  To  arrange  the  scientific  business  of  the  general  meet- 
ings, to  suggest  topics  and  arrange  the  programmes  for  the 
evening  meetings. 
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3.  To  suggest  to  the  Association  the  place  and  time  of  the 
next  meeting. 

4.  To  examine,  and,  if  necessary,  to  exclude  papers. 

5.  To  suggest  to  the  Association  subjects  for  scientific 
reports  and  researches. 

6.  To  appoint  the  Local  Committee.  .  , 

7.  To  have  the  general  direction  of  publications. 

8.  To  manage  any  other  general  business  of  the  Associa- 
tion during  the  session,  and  during  the  interval  between  it  and 
the  next  meeting. 

9.  In  conjunction  with  four  from  each  Section,  to  be  elected 
by  the  Sections  for  the  purpose,  to  make  nominations  q^  offi- 
cers of  the  Association  for  the  following  meeting. 

10.  To  nominate  persons  for  admission  to  membership. 

11.  Before  adjourning,  to  decide  which  papers,  discussions, 
or  other  proceedings  shall  be  published. 


SECTIONS. 

Rule  7.  The  Association  shall  be  divided  into  two  Sec- 
tions, and  as  many  sub-Sections  as  may  be  necessary  for  the 
scientific  business,  the  manner  of  division  to  be  determined  by 
the  Standing  Committee  of  the  Association.  The  two  Sec- 
tions may  meet  as  one. 

SECTIONAL  OFFICERS  AND  COMMITTEES. 

Rule  8.  On  the  first  assembling  of  the  Section,  the  mem- 
bers shall  elect  upon  open  nomination  a  permanent  chairman 
and  secretary,  also  three  other  members,  to  constitute,  with 
these  officers,  a  Sectional  Committee. 

The  Section  shall  appoint,  from  day  to  day,  a  chairman  to 
preside  over  its  meetings. 

Rule  9.  It  shall  be  the  duty  of  the  Sectional  Committee 
of  each  Section  to  arrange  and  direct  the  proceedings  in  their 
Section  ;  to  ascertain  what   communications   are  ofiered ;  to 
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assign  the  order  in  which  these  communications  shall  appear, 
and  the  amount  of  time  which  each  shall  occupy. 

The  Sectional  Committees  may  likewise  recommend  sub- 
jects for  systematic  investigation  by  members  willing  to  under- 
take the  researches,  and  to  present  their  results  at  the  next 
meeting. 

The  Sectional  Committees  may  likewise  recommend  reports 
on  particular  topics  and  departments  of  science,  to  be  drawn 
lip  as  occasion  permits,  by  competent  persons,  and  presented 
at  subsequent  meetings. 

*^  EEPORTS  OF  PROCEEDINGS. 

Rule  10.  Whenever  practicable,  the  proceedings  shall  be 
reported  by  professional  reporters  or  stenographers,  whose 
reports  are  to  be  revised  by  the  secretaries  before  they  appear 
in  print. 

PAPERS  AND  COMMUNICATIONS. 

Rule  11.  No  paper  shall  be  placed  in  the  programme,  un- 
less admitted  by  the  Sectional  Committee ;  nor  shall  any  be 
read,  unless  an  abstract  of  it  has  been  previously  presented 
to  the  Secretary  of  the  Section,  who  shall  furnish  to  the  chair- 
man the  titles  of  papers  of  which  abstracts  have  been  received. 

Rule  12.  The  author  of  any  paper  or  communication  shall 
be  at  liberty  to  retain  his  right  of  property  therein,  provided  he 
declare  such  to  be  his  wish  before  presenting  it  to  the  Associ- 
ation. 

Rule  13.  Copies  of  all  communications,  made  either  to  the 
General  Association  or  to  the  Sections,  must  be  furnished  by 
the  authors  ;  otherwise  only  the  titles  or  abstracts  shall  appear 
in  the  published  proceedings. 

Rule  14.  All  papers,  either  at  the  general  or  in  the  sec- 
tional meetings,* shall  be  read,  as  far  as  practicable,  in  the 
order  in  which  they  are  entered  upon  the^  books  of  the  Asso- 
ciation ;  except  that  those  which  may  be  entered  by  a  member 
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of  the  Standing  Committee  of  the  Association  shall  be  liable 
to  postponement  by  the  proper  Sectional  Committee. 

Rule  15.  If  any  communication  be  not  ready  at  the  as- 
signed time,  it  shall  be  dropped  to  the  bottom  of  the  list,  and 
shall  not_,be  entitled  to  take  precedence  of  any  subsequent 
communication. 

Rule  16.  No  exchanges  shall  be  made  between  members 
without  authority  of  the  respective  Sectional  Committees. 

GENERAL  AND   EVENING   MEETINGS. 

Rule  17.  The  Standing  Committee  shall  appoint  any  gen- 
eral meeting  which  the  objects  and  interests  of  the  Associa- 
tion may  call  for,  and  the  evenings  shall,  as  a  rule,  be  reserved 
for  general  meetings  of  the  Association. 

These  general  meetings  may,  when  convened  for  that  pur- 
pose, give  their  attention  to  any  topics  of  science  which  would 
otherwise  come  before  the  Sections. 

It  shall  be  a  part^of  the  business  of  these  general  meetings 
to  receive  the  Address  of  the  President  of  the  last  meeting  ; 
to  hear  such  reports  on  scientific  subjects  as,  from  their  gen- 
eral importance  and  interests,  the  Standing  Committee  shall 
select ;  also  to  receive  from  the  chairmen  of  the  Sections 
abstracts  of  the  proceedings  of  their  respective  Sections ;  and 
to  listen  to  communications  and  lectures  explanatory  of  new 
and  important  discoveries  and  researches  in  science,  and  new 
inventions  and  processes  in  the  arts. 

ORDER   OF   PROCEEDINGS   IN   ORGANIZING   A   MEETING. 

Rule  18.  The  Association  shall  be  called  to  order  by  the 
President  of  the  preceding  meeting,  and  this  officer  having 
resigned  the  chair  to  the  Presidentelect,  the  General  Secretary 
shall  then  report  the  number  of  papers  relating  to  each  depart- 
ment which  have  been  registered,  and  the  Association  consider 
the  most  eligible  distribution  into  Sections,  when  it  shall  pro- 
ceed to  the  election  of  the  additional  members  of  the  Stand- 
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ing  Committee  in  the  manner  before  described ;  the  meeting 
shall  then  adjourn,  and  thfe  Standing  Committee,  having 
divided  the  Association  into  Sections  as  directed,  shall  allot  to 
each  its  place  of  meeting  for  the  Session.  The  Sections  shall 
then  organize  by  electing  their  officers  and  their  representa- 
tives in  the  Nominating  Committee,  and  shall  proceed  to 
business. 

PERMANENT  SECRETARY. 

Rule  19.  It  shall  be  the  duty  of  the  Permanent  Secretary  to 
notify  members  who  are  in  arrears,  to  provide  the  necessary 
stationery  and  suitable  books  for  the  list  of  members  and  titles 
of  papers,  minutes  of  the  general  and  sectional  meetings,  and 
for  other  purposes  indicated  in  the  rules,  and  to  execute  such 
other  duties  as  may  he  directed  by  the  Standing  Committee 
or  by  the  Association. 

The  Permanent  Secretary  shall  make  a  report  annually  to 
the  Standing  Committee,  at  its  first  meeting,  to  be  laid  before 
the  Association,  of  the  business  of  which  he  has  had  charge 
since  its  last  meeting. 

All  members  are  particularly  desired  to  forward  to  the 
Permanent  Secretary,  so  as  to  be  received  before  the  day 
appointed  for  the  Association  to  convene,  complete  titles  of 
all  the  papers  which  they  expect  to  present  during  its  meeting, 
with  an  estimate  of  the  time  required  for  reading  each,  and 
such  abstracts  of  their  contents  as  may  give  a  general  idea  of 
their  nature. 

Whenever  the  Permanent  Secretary  notices  any  error  of 
fact  or  unnecessary  repetition,  or  any  other  important  defect 
in  the  papers  communicated  for  publication  in  the  proceedings 
of  the  Association,  he  is  authorized  to  commit  the  same  to 
the  author,  or  to  the  proper  sub-committee  of  the  Standing 
Committee  for  correction. 
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o  LOCAL   COMMITTEE, 

Rule  20.  The  Local  Committee  shall  be  appointed  from 
among  members  residing  at  or  near  the  place  of  meeting  for 
the  ensuing  year ;  and  it  shall  be  the  duty  of  the  Local  Com- 
mittee, assisted  by  the  officers,  to  make  arrangements  and  the 
necessary  announcements  for  the  meeting. 

The  Secretary  of  the  Local  Committee  shall  issue  a  circular 
in  regard  to  the  time  and  place  of  meetings,  and  other  partic- 
ulars, at  least  one  month  before  each  meeting. 

SUBSCRIPTIONS. 

Rule  21.  The  amount  of  the  subscription,  at  each  meeting, 
of  each  member  of  the  Association .  shall  be  two  dollars,  and 
one  dollar  in  addition  shall  entitle  him  to  a  copy  of  the  pro- 
ceedings of  the  annual  meeting.  These  subscriptions  shall  be 
received  by  the  Permanent  Secretary,  who  shall  pay  them 
over,  after  the  meeting,  to  the  Treasurer. 

No  person  shall  be  considered  a  member  of  the  Association 
until  the  subscription  for  the  meeting  at  which  he  is  elected 
has  been  paid. 

Rule  22.  The  names  of  all  persons  two  years  in  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  members ;  pro- 
vided that  two  notices  of  indebtedness,  at  an  interval  of  at 
least  three  months,  shall  have  been  previously  given. 

ACCOUNTS. 

Rule  23.  The  accounts  of  the  Association  shall  be  audited 
annually,  by  auditors  appointed  at  each  meeting. 

ALTERATIONS   OF   THE   CONSTITUTION. 

Rule  24.  No  article  of  tliis  constitution  shall  be  altered,  or 
amended,  or  set  aside,  without  the  concurrence  of  three-fourths 
of  the  members  present,  and  unless  notice  of  the  proposed 
change  shall  have  been  given  at  the  preceding  annual  meet- 
ing. 


Note.  —  A  proposition  to  alter  Rule  21  of  the  Constitution,  so  that  an  additional 
initiation  fee  of  five  dollars  will  be  charged  in  addition  to  the  annual  assessment 
upon  new  members,  was  proposed  at  Buffalo,  and  will  come  up  for  action  at  the 
Burlington  meeting. 


RESOLUTIONS 

OF    A 

PERMANENT  AND    PROSPECTIVE    CHARACTER, 

ADOPTED    AUGUST    19,    1857. 


1.  No  appointment  may  be  made  in  behalf  of  the  Association, 
and  no  invitation  given  or  accepted,  except  by  vote  of  the  Association 
or  its  Standing  Committee. 

2.  The  General  Secretary  shall  transmit  to  the  Permanent  Secre- 
tary for  the  files,  within  two  weeks  after  the  adjournment  of  every 
meeting,  a  record  of  the  proceedings  of  the  Association  and  the  votes 
of  the  Standing  Committee.  He  shall  also  daily,  during  the  meetings, 
provide  the  chairmen  of  the  two  Sectional  Committees  with  lists  of 
the  papers  assigned  to  their  Sections  by  the  Standing  Committee. 

3.  All  printing  for  the  Association  shall  be  superintended  by  the 
Permanent  Secretary,  who  is  authorized  to  employ  a  clerk  for  that 
especial  purpose. 

4.  The  Permanent  Secretary  is  authorized  to  put  the  proceedings 
of  the  meetings  to  press  one  month  after  the  adjournment  of  the  Asso- 
ciation. Papers  which  have  not  been  received  at  that  time  may  be 
published  only  by  title.  No  notice  of  articles  not  approved  shall  be 
taken  in  the  published  proceedings. 

5.  Tlie  Permanent  Chairmen  of  the  Sections  are  to  be  considered 
their  organs  of  communication  with  the  Standing  Committee. 
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6.  It  shall  be  the  duty  of  the  Secretaries  of  the  two  Sections  to 
receive  copies  of  the  papers  read  in  their  Sections,  all  sub-sections  in- 
cluded, and  to  furnish  them  to  the  Permanent  Secretary  at  the  close 
of  the  meeting. 

7.  The  Sectional  Committees  shall  meet  not  later  than  9  A.  m.  daily 
during  the  meetings  of  the  Association,  to  arrange  the  programmes  of 
their  respective  Sections,  including  all  sub-sections,  for  the  following 
day.  No  paper  shall  be  placed  upon  these  programmes  which  shall 
not  have  been  assigned  to  the  Section  by  the  Standing  Committee. 
The  programmes  are  to  be  furnished  to  the  Permanent  Secretary  not 
later  than  11a.  m. 

8.  During  the  meetings  of  the  Association  the  Standing  Committee 
shall  meet  daily,  Sundays  excepted,  at  9  A.  m.,  and  the  Sections  be 
called  to  order  at  10  a.  m.,  unless  otherwise  ordered.  The  Standing 
Committee  shall  also  meet  on  the  evening  preceding  the  lirst  assem- 
bling of  the  Association  at  each  annual  meeting,  to  arrange  for  the 
business  of  the  first  day,  and  on  this  occasion  three  shall  form  a 
quorum. 

9.  Associate  members  may  be  admitted  for  one,  two,  or  three  years, 
as  they  shall  choose  at  the  time  of  admission,  —  to  be  elected  in  the 
same  way  as  permanent  members,  and  to  pay  the  same  dues.  They 
shall  have  all  the  social  and  scientific  privileges  of  members,  without 
taking  part  in  the  business. 

10.  No  member  may  take  part  in  the  organization  and  business 
arrangement  of  both  the  Sections. 
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ADVANCEMENT  OF  SCIENCE. 


Note. — Names  of  deceased  members  are  marked  with  an  asterisk  (*).  The 
figure  at  the  end  of  each  name  refers  to  the  meeting  at  which  the  election  took 
place. 


*Adaras,  Prof.  C.  B.,  Amherst,  Massachusetts  [1]. 

Aiken,  Prof.  W.  E.  A.,  Baltimore,  Maryland  [12]. 

Ainsworth,  J.  G.,  Barry,  Massachusetts  [14]. 

Albert,  Augustus  J.,  Baltimore,  Maryland  [12]. 

Alexander,  Prof.  Stephen,  Princeton,  New  Jersey  [1]. 

Allen,  Prof.  E.  A.  H.,  New  Bedford,  Massachusetts  [6]. 

Allen,  Zachariah,  Providence,  Rhode  Island  [1]. 

Allen,  Mary  B.,  Rochester,  New  York  [15]. 
*Ames,  M.  P.,  Springfield,  Massachusetts  [1]. 

Andrews,  Prof.  E.  B.,  Marietta,  Ohio  [7]. 
*Appleton,  Nathan,  Boston,  Massachusetts  [1]. 

Avery,  Prof.  Charles,  Clinton,  New  York  [10]. 
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B. 


*Bache,  Prof.  Alexander  D.,  Washington,  District  of  Columbia  [1]. 

Bache,  Dr.  Franklin,  Philadelphia,  Pennsylvania  [1]. 

Bacon,' Dr.  John,  Jr.,  Boston,  Massachusetts  [1]. 
*Bailey,  Prof.  J.  W.,  West  Point,  New  York  [1]. 

Baird,  Prof.  S.  F.,  Washington,  District  of  Columbia  [I]. 

Bardwell,  Prof  F.  W.,  Jacksonville,  Florida  [13]. 

Barker,  George  F.,  Boston,  Massachusetts  [13]. 

Barlow,  Thomas,  Canastota,  New  York  [7j. 

Barnard,  Pres.  F.  A.  P.,  New  York,  New  York  [7]. 

Barnard,  Henry,  Madison,  Wisconsin  [12]. 

Barnard,  J.  G.,  U.  S.  A.,  Washington,  District  of  Columbia  [1-4]. 

Barnes,  Capt.  James,  Springfield,  Massachusetts  [5]. 

Barratt,  Dr.  Joseph,  Middletown,  Connecticut  [13]. 

Bartlett,  Prof.  W.  H.  C,  West  Point,  New  York  [9]. 

Basnett,  Thomas,  Ottawa,  Illinois  [8]. 

Batchelder,  J.  M.,  Cambridge,  Massachusetts  [8]. 

Beadle,  Rev.  E.  R.,  Hartford,  Connecticut  [10]. 

Bebb,  M.  S.,  Rockford,  Illinois  [13]. 
*Beck,  Dr.  C.  F,,  Philadelphia,  Pennsylvania  [1]. 
*Beck,  Prof.  Lewis  C,  New  Brunswick,  New  Jersey  [1]. 
*Beck,  Dr.  T.  Romeyn,  Albany,  New  York  [1]. 

Bell,  Samuel  N.,  Manchester,  New  Hampshire  [7]. 

Bentley,  Cyrus,  Chicago,  Illinois  [13]. 

Bigelow,  Artemas,  Newark,  New  Jersey  [9]. 
*Binney,  Dr.  Amos,  Boston,  Massachusetts  [1]. 
*Binney,  John,  Boston,  Massachusetts  [3]. 
*  Bird,  Col.  William  A.,  Buffalo,  New  York  [15]. 

Blair,  Prof.  F.  O.,  Lebanon,  Illinois  [13].  « 

Blake,  Prof.  Eli  W.,  Burlington,  Vermont  [15]. 

Blake,  Eli  W.,  New  Haven,  Connecticut  [1]. 
■  Blake,  J.  R.,  La  Grange,  Tennessee  [10]. 
*Blanding,  Dr.  William,  Rhode  Island  [1]. 

Blaney,  Prof  James  V.  Z.,  Chicago,  Illinois  [12]. 
*Bomford,  Col.  George,  Washington,  District  of  Columbia  [1]. 

Bouve,  Thomas  T.,  Boston,  Massachusetts  [1]. 

Bowdiich,  Dr.  Henry  J.,  Boston,  Massachusetts  [2]. 
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Boynton,  Prof.  Edward  C,  Sja-acuse,  New  York  [13]. 

Bradford,  Isaac,  Jacksonville,  Florida  [14]. 

Bradish,  Alvah,  Fredonia,  New  York  [15]. 

Bradley,' Dr.  L.,  Jersey  City,  New  Jersey  [15]. 

Brayley,  James,  Bufflilo,  New  York  [15]. 

Brevoort,  J.  Carson,  Brooklyn,  New  York  [1]. 

Brewer,  Fisk  P.,  New  Haven,  Connecticut  [11]. 

Briggs,  A.  D.,  Springfield,  Massachusetts  [13]. 

Brocklesby,  l*rof.  John,  Hartford,  Connecticut  [4]. 

Bross,  William,  Chicago,  Illinois  [7]. 

Brown,  Andrew,  Natchez,  Mississippi  [1]. 

Brown,  Richard,  Sydney,  Cape  Breton  [1]. 

Brown,  Robert,  Jr.,  Cincinnati,  Ohio  [11]. 

Brush,  George  J.,  New  Haven,  Connecticut  [11]. 

Buchanan,  Robert,  Cincinnati,  Ohio  [2]. 

Buck,  C.  E.,  New  York,  New  York  [15]. 
*Burnap,  Rev.  G.  W.,  Baltimore,  Maryland  [12]. 
*Burnett,  "Waldo  I.,  Boston,  Massachusetts  [1]. 

Busher,  James,  Worcester,  Massachusetts  [9]. 

Butler,  Prof.  James  D.,  Madison,  AVisconsin  [13]. 

Butler,  Hon.  Thomas  B.,  Norwalk,  Connecticut  [10]. 


C. 

Cabell,  Prof.  James  L.,  University  of  Virginia,  Virginia  [6]. 
*Carpenter,- Thornton,  Camden,  South  Carolina  [7]. 
*Carpenter,  Dr.  William  M.,  New  Orleans,  Louisiana  [1]. 

Carr,.E.  S.,  Albany,  New  York  [9]. 

Case,  Leonard,  Cleveland,' Ohio  [15]. 
*Case,  William,  Cleveland,  Ohio  [G]. 

Cassells,  Prof.  J.  L.,  Cleveland,  Ohio  [7]. 

Caswell,  Prof  Alexis,  Providence,  Rhode  Island  [2]. 

Cattell,  Rev.  William  C,  Easton,  Pennsylvania  [15]. 

Chadbourne,  Prof.  P.  A.,  Williamstown,  Massachusetts  [10]. 

Chapin,  A.  L.,  Beloit,  Wisconsin  [14].  , 

Chapin,  L.  C,  New  Haven,  Connecticut  [11]. 

Chapman,  Prof.  C.  B.,  Madison,  Wisconsin  [11]. 
*Chapman,  Dr.  N.,  Philadelphia,  Pennsylvania  [1]. 
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Chase,  Prof.  George  I.,  Providence.  Rhode  Island  [1]. 
*Chase,  Prof.  S.,  Dartmouth,  New  Hampshire  [2]. 

Chauvenet,  Prof.  William,  St.  Louis,  Missouri  [1]. 

Chesbrough,  E.  S.,  Chicago,  Illinois  [2].  • 

Chester,  Albert  H.,  New  York,  New  York  [15]. 

Chester,  Rev.  Albert  T.,  Buffalo,  New  Y'ork  [15]. 

Chittenden,  L.  E.,  Burlington,  Vermont  [14]. 

Church,  Prof.  A.  E.,  West  Point,  New  York  [10]. 

Churchill,  Marlborough,  Sing  Sing,  New  York  [13]. 

Clapp,  Almon  M.,  Buffalo,  New  York  [15]. 
*Clapp,  Dr.  Asahel,  New  Albany,  Indiana  [1]. 
*Clark,  Joseph,  Cincinnati,  Ohio  [5]. 

Clark,  M.  Lewis,  St.  Louis,  Missouri  [5]. 

Clarke,  Dr.  A.  B.,  Holyoke,  Massachusetts  [13]. 

Clarke,  Henry,  M.  D,,  Worcester,  Massachusetts  [14]. 

Cleaveland,  Prof.  C.  H.,  Cincinnati,  Ohio  [9]. 
*Cleveland,  Dr.  A.  B.,  Cambridge,  Massachusetts  [2]. 

Clinton,  George  W.,  Buffalo,  New  York  [15]. 

Clum,  Henry  A.,  New  York,  New  •i.^ork  [9]. " 

Coakley,  Prof.  George  W.,  New  York,  New  York  [5]. 

Cobleigh,  Pres.  Nelson  E:,  Lebanon,  Illinois  [13]. 

Cochran,  D.  H,,  Brooklyn,  New  York  [15]. 

Coffin,  C.  C,  Maiden,  Massachusetts  [13]. 

Coffin,  Prof.  James  H.,  Easton,  Pennsylvania  [1]. 

Coffin,  Prof.  John  H.  C,  Washington,  District  of  Columbia  [1]. 
*Cole,  Thomas,  Salem,  Massachusetts  [1]. 
*Coleman,  Rev.  Henry,- Boston,  Massachusetts  [1]. 

Comstock,  C.  B.,  West  Point,  New  Y^ork  [14]. 

Conant,  Marshall,  Washington,  District  of  Columbia  [7]. 

Conkling,  Frederick  A.,  New  York,  New  York  [11]. 

Conway,  Rev.  M.  D.,  Cincinnati,  Ohio  [14]. 

Cook,  Prof.  George  H.,  New  Brunswick,  New  Jersey  [G]. 

Copes,  Dr.  Joseph  S.,  New  Orleans,  Louisiana  [11]. 

Corning,  Hon.  Erastus,  Albany,  New  York  [6]. 

Coryell,  Thomas  D.,  Madison,  Wisconsin  [13]. 

Couper,  J.  Hamilton,  Darien,  Georgia  [1]. 

Craig,  Dr.  B.  F.,  Washington,  District  of  Columbia  [15]. 

Cramp,  Rev.  J.  M.,  Acadia  College,  Nova  Scotia  [11]. 
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Credner,  Herman,  New  York,  New  York  [15]. 
Crosby,  Alpheus,  Salem,  Massachusetts  [10]. 
Cummings,  Pres.  Joseph,  Middletown,  Connecticut  [13]. 
Curry,  Rev.  W.  F.,  Geneva,  New  York  [11]. 
Curtiss,  Charles  W.,  Evanston,  Illinois  [13]. 

D. 

Dakin,  Francis  E.,  Freeport,  Illinois  [10]. 
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COMMUNICATIONS. 


PAET    I. 

A.    MATHEMATICS,  PHYSICS,  AND    CHEMISTRY. 

I.    ASTRONOMY  AND   METEOROLOGY. 

1.  On  the  Physical  Condition  of  the  Sun's  Surface,  and 
THE  Motion  of  the  Solar  Spots.  By  Prof.  Elias 
LooMis,  of  New  Haven,  Conn. 

The  object  of  this  paper  is  briefly  to  describe  the  results  which 
have  been  rendered  probable  by  recent  observations,  and  to  state 
some  conclusions  which  seem  to  me  to  flow  from  them. 

The  researches  of  Kirchhoff  have  rendered  it  highly  probable  that 
the  elements  of  which  the  sun  is  composed  are,  to  a  great  extent,  the 
same  as  those  found  upon  the  earth.  The  existence  of  iron,  nickel, 
calcium,  sodium,  chromium,  and  magnesium,  in  the  sun's  atmosphere, 
is  considered  as  proved.  Now,  the  density  of  the  sun  is  only  one 
fourth  that  of  the  earth,  while  the  force  of  gravity  is  twenty-eight 
times  its  force  upon  the  surface  of  the  earth.  We  cannot,  then,  sup- 
pose that  any  considerable  part  of  the  sun's  mass  is  in  the  condition 
of  a  solid  or  even  a  Uquid  body.  Moreover,  the  most  refractory  sub- 
stance.-, iron  and  nickel,  exist  upon  the  sun  in  the  state  of  elastic 
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vapor.  The  temperature  of  the  sun's  surface  is  therefore  extremely 
elevated  ;  far  beyond  the  heat  of  terrestrial  volcanoes.  The  move- 
ments of  the  solar  spots  indicate  that  the  sun's  mass  is  fluid  to  a  great 
depth  ;  and  we  cannot  suppose  that  the  black  nucleus  of  a  solar  spot 
is  the  obscure  solid  mass  of  the  sun. 

It  is  possible  that  near  the  centre  of  the  sun  there  may  exist  a  portion 
which  has  been  reduced  to  the  liquid  or  even  the  solid  condition  ;  but 
it  is  probable  that  the  principal  part  of  the  sun's  volume  consists  of 
matter  in  the  gaseous  or  semi-gaseous  condition.  It  is  conceivable  that 
under  the  immense  pressure  Avhich  exists  upon  the  sun,  the  mobility  of 
many  gases  may  be  somewhat  impaired ;  and  that  they  may  be  re- 
duced to  a  condition  intermediate  between  that  of  a  perfect  gas  and  a 
liquid.     Such  a  condition  I  designate  by  the  term  semi-gaseous. 

The  visible  portion  of  the  sun,  which  we  call  its  photosphere,  con- 
sists of  matter  in  a  state  analogous  to  that  of  aqueous  vapor  in  ter- 
restrial clouds  ;  that  is,  in  the  condition  of  a  precipitate  suspended  in  a 
transparent  atmosphere.  This  photosphere  is  not  only  intensely  lumi- 
nous, but  intensely  hot ;  and  the  thermoscope  indicates  that  it  radiates 
more  heat  than  the  solar  spots  ;  but  this  does  not  prove  that  the  pho- 
tosphere is  really  hotter  than  the  nucleus  of  a  solar  spot,  for  the 
experiments  of  Tyndall  prove  that  gases  radiate  heat  more  feebly 
than  solids  of  the  same  temperature.  The  matter  of  the  photosphere 
probably  consists  of  particles  precipitated  in  consequence  of  their 
being  cooled  by  radiation ;  and,  if  these  particles  could  recover  the 
more  elevated  temperature  of  the  interior  portion  of  the  sun,  they 
would  return  to  the  elastic  and  invisible  state  of  vapor. 

The  sun's  gaseous  envelope  extends  far  beyond  the  photosphere. 
During  total  eclipses,  we  observe  flame-like  protubei'ances  rising  to  a 
height  of  80,000  miles  above  the  surface  of  the  sun,  which  require  us 
to  admit  the  existence  of  bodies  analogous  to  clouds  floating  at  great 
elevations  in  an  atmosphere  ;  and,  if  the  extent  of  the  solar  atmos- 
phere, compared  with  the  height  of  the  visible  clouds,  cori'esponds 
with  what  exists  upon  the  earth,  we  must  conclude  that  the  solar 
atmosphere  extends  at  least  a  million  of  miles  beyond  his  surface. 

In  order  to  account  for  the  penumbra  of  a  solar  sj^ot,  it  is  not  neces- 
sary to  admit  the  existence  of  a  second  stratum  of  clouds  distinct  from 
the  photosphere.  The  penumbra  appears  to  be  formed  of  filaments 
of  photospheric-light,  converging  towards  the  centre  of  the  nucleus ; 
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each  of  the  filaments  having  the  same  light  as  the  photosphere  ;  and 
the  sombre  tint  results  from  the  interstices  between  the  luminous 
streaks ;  as  in  a  steel  engraving,  shades  are  pi'oduced  by  dark  lines 
separated  by  white  interstices. 

That  the  penumbra  is  a  cavity  is  proved  by  the  fact,  which  has 
been  often  observed,  that  when  spots  of  a  regular  form  approach  the 
sun's  limb,  they  lose  the  penuml5ra  on  the  side  which  is  towards  the 
sun's  centre,  while  the  penumbra  remains  on  the  side  which  is  to- 
wards the  sun's  limb  ;  and  the  depth  of  this  cavity  has  been  repeat- 
edly computed  to  be  about  one-third  of  the  earth's  radius. 

The  convergence  of  the  luminous  streaks  of  the  penumbra  towards 
the  centre  of  the  spot  indicates  the  existence  of  currents  flowing 
towards  the  centre.  These  converging  currents  probably  meet  an 
ascending  current  of  the  heated  atmos^jhere,  by  contact  with  which 
the  matter  of  the  photosphere  is  dissolved  and  becomes  non-luminous. 

"What  cause  can  be  assigned  for  the  movements  which  are  observed 
in  the  atmospheric  envelope  of  the  sun  ?  Such  movements  would 
result  from  unequal  temperature  in  different  parts  of  the  sun's  sur- 
face. But  why  should  not  the  temperature  of  the  sun's  surface  be 
uniform  throughout  ? 

The  heat  of  the  sun  must  be  continually  dissipated  by  radiation. 
If  this  radiation  is  more  obstructed  in  some  regions  than  in  others, 
heat  must  accumulate  in  such  places.  Now,  the  phenomena  observed 
during  total  eclipses  indicate  in  the  sun's  atmosphere  the  existence  of 
large  masses,  analogous  to  terrestrial  clouds.  Wherever  these  clouds 
prevail,  the  free  radiation  of  heat  from  the  sun  must  be  obstructed, 
and  heat  must  rapidly  accumulate.  The  solar  atmosphere  tends  to 
move  towards  the  heated  centres,  and  this  must  be  accompanied  by  an 
upward  motion  at  the  centre.  The  heated  air,  thus  ascending,  partly 
dissolves  and  partly  divides  the  matter  of  the  photosphere,  causing  it 
to  heap  up  in  a  ring  around  the  opening,  producing  thus  around  the 
margin  of  the  penumbra  the  appearance  of  a  ring  of  light  more 
intense  than  the  general  photosphere. 

It  has  long  been  known  that  the  spots  have  a  relative  motion  upon 
the  sun's  surface.  This  motion  is  sometimes  towards  the  equator,  and 
sometimes  from  the  equator ;  sometimes  towards  the  east,  and  some- 
times towards  the  west.     We  have  assigned  a  cause  for  this  motion. 
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Let  US  consider  the  consequences  which  should  result  from  such  a 
motion,  combined  with  the  rotation  of  the  sun  upon  an  axis. 

If  a  spot  on  the  north  side  of  the  solar  equator  receives  an  impulse 
towards  the  north,  then,  since  it  must  retain  the  westerly  motion  it 
had  at  starting,  it  will  have  a  relative  motion  towards  the  west  as  well 
as  towards  the  north  ;  that  is,  its  path  on  the  sun's  surface  will  be  to- 
wards the  north-west ;  and  its  angalar  velocity  of  rotation  will  be 
greater  than  if  it  had  remained  stationary  upon  the  sun's  surface. 

If  the  spot  had  received  an  impulse  towards  the  equator,  then,  since 
it  is  moving  towards  a  region  which  has  a  greater  velocity  of  motion 
westward,  it  will  have  a  relative  motion  eastward ;  that  is,  the  path 
of  the  spot  will  be  towards  the  south-east,  and  its  angular  velocity 
of  rotation  will  be  less  than  if  it  had  remained  stationary  upon  the 
sun's  surface.  In.  each  case,  the  angular  velocity  of  rotation  of  a  solar 
spot  should  be  least  at  the  equator,  and  should  increase  as  we  recede 
from  the  equator.  Now,  observation  informs  us  that  the  reverse  is  the 
case.  The  angular  velocity  of  rotation  is  greatest  at  the  equator,  and 
diminishes  towards  either  pole.  Mr.  Carri^gton  has  found  that  the 
daily  angular  velocity  of  rotation  of  the  spots  may  be  expressed  by  the 
formula : 

865'— 165  sin.  |- lat. 

According  to  this  formula,  the  angular  motion  of  points  on  the  sun's 
surface  in  different  latitudes  is  as  shown  in  column  second  of  the  follow- 
ing table ;  and  the  absolute  velocity  in  miles  per  hour,  as  shown  in  the 
last  column. 
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Lat. 


0° 

5 
10 
15 
20 
25 
30 


865'.0 

per 

day, 

4655 

allies 

per  hour 

862.7 

4625 

857.3 

4543 

849.5 

4416 

839.8 

4246 

828.5 

4041 

815.9 

3802 

What  conclusion  must  we  derive  from  these  observed  facts,  and 
how  can  they  be  explained  ? 
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The  interior  portion  of  the  earth  is  known  to  be  denser  than  the  ex- 
terior crust.  Let  us  suppose,  in  like  manner,  that  the  denser  material 
of  the  sun  has  mainly  subsided  to  the  interior.  We  may  suppose  the  en- 
tire body  of  the  sun  to  be  in  the  gaseous  or  serai-gaseous  condition,  with 
the  denser  eleraents  mainly  collected  at  the  centre ;  or  we  may  sup- 
pose the  central  portion  to  be  reduced  to  the  liquid  or  even  the  solid 
condition,  —  the  liquid  or  sohd  portion  constituting  but  a  small  part 
of  the  sun's  volume.  In  either  case,  the  denser  particles,  subsiding 
towards  the  centre,  would  have  a  greater  angular  velocity  of  rotation ; 
that  is,  the  central  portion  of  the  sun  would  rotate  more  rapidly  than 
the  exterior  gaseous  portion.  Concefve  then  a  sphere  400,000  miles 
in  diameter  (either  solid  or  liquid,  or  composed  of  gases  in  a  highly 
#  condensed  state),  rotating  with  considerable  velocity,  and  surrounded 
by  a  gaseous  envelope,  800,000  miles  in  diameter,  and  rotating  with  a 
less  angular  velocity.  The  central  sphere  would  communicate  some- 
thing of  its  motion  to  the  superincumbent  envelope  in  the  neighbor- 
hood of  its  equator ;  but  would  produce  little  effect  in  the  polar  regions, 
so  that  upon  the  outer  surface  of  such  a  gaseous  envelope  the  angular 
velocity  of  rotation  would  be  most  rapid  at  the  equator,  and  would 
diminish  towards  either  pole. 

This  hypothesis  enables  us  thus  to  explain  the  phenomena  observed 
upon  the  sun's  surface,  and  increases  the  probability  of  the  hypothesis 
that  the  matter  of  the  sun  exists  in  the  gaseous  condition  to  at  least  a 
considerable  depth  ;  a  depth  probably  not  less  than  half  the  sun's 
radius. 


2.     On   the   Period    of  Algol.     By   Prof.  Elias    Loomis,  of 
New  Haven,  Conn. 

In  1854,  Argelander  published  (Astronom.  Nachricht.,  xxxix.  291) 
a  discussion  of  all  the  observations  which  had  been  made  up  to  that 
date,  for  determining  the  period  of  the  variations  in  the  light  of  Algol. 
These  observations  were  168  in  number,  and  he  determined  the  length 
of  a  single  period  for  several  different  dates  from  1784  to  1854,  from 
which  it  appears  that  during  that  interval  the  period  of  Algol  had 
diminished  about  six  seconds.  In  1857,  Argelander  published  (Astron. 
Nachr.   xlv.  103),  the  results  of  thirty-four  additional  observations 
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which  indicated  a  continuous  diminution  of  pei'iod,  amounting  to  over 
seven  seconds  since  1784. 

In  1859,  Mr.  Masterman  published  (London  Astronom.  Journal,  v. 
190)  the  results  of  twenty-one  observations,  which  compared  with  Ar- 
gelander's  last  result  indicated  that  the  period  of  Algol  was  no  longer 
diminishing. 

During  the  past  season  I  have  observed  a  few  minima  of  Algol  at 
New  Haven,  and  have  combined  them  with  such  European  observa- 
tions as  have  been  published  in  the  Astronomische  Nachrichten.  Tak- 
ing ten  of  the  observations,  which  were  made  under  the  most  favorable 
circumstances,  and  correcting  them  for  the  light  equation,  they  give  for 
the  mean  Paris  time  of  minimum,  1865,  Oct.  21,  15*"  10""  20.4^,  which 
compared  with  Masterman's  result  for  1859,  gives  a  mean  period  of 
2(1  20'^'  48™  54.5^,  showing  an  increase  of  three  seconds  above  the  min- 
imum which  occuiTcd  about  1855. 

The  following  table  shows  the  results  of  the  later  observations  here 
referred  to. 


Epoch. 

Paris  mean  time  of  Minimum. 

No.  ofObs- 

Observer. 

-f  6976 
+  7142 
-|-  7516 
-|-  8382 

1854,  Oct.    8,     5"   30"     27.0' 
1856,  Jan.  27,    4    40      38.  1 
1859,  Jan.    3,  13     17      13.  4 
1865,  Oct.  21,  15     10      20.4 

24 
34 
21 

10 

Argelander. 
Argelander. 
Masterman . 
Loomis. 

The  following  table  shows  the  intervals  between  the  preceding 
dates,  together  with  the  number  of  periods  and  the  mean  duration  of  a 
single  period. 


Periods. 

Intervals. 

Mean  Period. 

166 
374 
866 

475*    23"  lO-"  11.1'. 
1072       8    36     35.3. 
2483       1     53        7.0. 

2d     20"     48-"      51.5." 
2      20      48        52.1. 
2      20      48       54.5. 

The  following  are  the  mean  periods  of  Algol  determined  for  differ- 
ent dates,  since  the  first  observations  in  1784. 


1784,  May    27,  2*  20"  48"  59.'4 
1793,  July    11,  "         58.4 

1818,  April  12,  "         58.2 

1842,  Sept.  19,  "         55.2 

1849,  June  17,  "         54.9 


1851,  Dec.     7,  2*  20"  48"  53.  2 
1855,  June    3,  "         51.5 

1857,  July    17,  "         52.1 

1862,  May    29,  "        54.5 
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For  two  and  a  half  days  Algol  remains  invariably  of  the  brightness 
of  (3  Cassiopete  ;  it  then  dechnes  and  attains  its  least  brightness  in  about 
three  and  a  half  hours,  and  in  about  three  and  a  half  hours  more 
it  attains  again  to  the  brightness  of  (3  Cassiopeaj ;  that  is,  for  nearly 
nine-tenths  of  the  whole  time  the  light  of  Algol  remains  unimpaired. 

We  cannot  ascribe  these  variations  of  brightness  to  the  flattened 
form  of  Algol,  or  to  dark  spots  upon  its  surface,  for  in  such  a  case  the 
duration  of  greatest  brightness  could  not  exceed  one  half  of  the  entire 
period. 

If  we  ascribe  these  variations  of  light  to  a  dark  opaque  body  revolv- 
ing about  Algol,  and  suppose  the  mass  of  Algol  to  be  equal  to  that  of 
our  sun,  a  period  of  2^  20^  would  imply  a  distance  of  nearly  four  mil- 
lions of  miles ;  that  is,  the  circumference  of  its  orbit  must  be  nearly 
twenty-four  millions  of  miles.  In  order  that  this  body  may  interfere 
with  the  light  of  Algol  during  seven  hours,  if  we  suppose  the  diameter 
of  Algol  to  be  equal  to  that  of  our  sun,  the  diameter  of  the  opaque  body 
must  be  twice  as  great,  if  it  passed  centrally  over  Algol,  in  which  case 
the  light  of  Algol  would  be  totally  eclipsed  for  about  two  hours.  In 
order  to  explain  the  merely  partial  loss  of  light,  we  must  suppose  that 
the  opaque  body  does  not  pass  centrally  over  Algol,  and  must  there- 
fore assign  to  it  a  still  larger  diameter,  which  would  make  its  volume 
more  than  ten  times  that  of  Algol.  Algol  thus  becomes  an  unimpor- 
tant satellite  to  an  obscure  central  body  of  enormous  magnitude;  a 
supposition  so  improbable  that  it  is  presumed  no  one  will  be  disposed 
to  accept  it. 

All  the  observed  phenomena  may  be  explained  by  supposing  a  neb- 
ulous body  of  irregular  form,  with  a  length  of  nearly  two  millions  of 
miles,  or  a  group  of  small  solid  bodies  of  the  same  extent,  revolving 
about  Algol  as  a  centre.  The  inequalities  observed  in  the  changes  of 
Algol  from  maximum  to  minimum  may  be  ascribed  to  irregularities 
in  the  form  of  the  nebulous  body ;  and  the  slight  diminution  in  the 
period  of  Algol  from  1784  to  1855,  and  the  slight  increase  since  1855, 
may  be  accounted  for  by  supposing,  not  a  change  in  the  absolute  time  of 
revolution  of  the  nebulous  body,  but  simply  a  change  of  position  of  the 
major  axis  of  the  orbit  with  reference  to  a  line  from  the  earth  to  Algol. 
If  the  explanation  here  assigned  is  the  true  one,  we  should  expect 
that  the  bright  and  dark  lines  of  the  spectrum  of  Algol  would  undergo 
a  decided  chancre  at  the  time  of  its  diminished  lii!;ht. 
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3.     On    the    Theory   of   Meteors.     By  Prof.    Daniel   Kirk- 
wood,  of    Canonsburg,   Penn. 

• 

It  is  now  well  known  that  much  greater  variety  obtains  in  the 
structure  of  the  solar  system  than  was  formerly  supposed.     This  is 
true  not  only  in  regard  to  the  magnitudes  and  densities  of  the  bodies 
composing  it,  but  also  in  respect  to  the  forms  of  their  orbits.     Before  the 
discovery  of  the  asteroids,  the  smallest  planetary  bodies  known  were  the 
interior  satellites  of  Saturn,  supposed  to  have  a  diameter  of  about  five 
hundred  miles.     But  the  estimated  diameters  of  the  planets  between 
Mars  and  Jupiter  vaiy  from  two  hundred  and  sixty  to  fifteen  miles  ; 
and,  with  sufiicient   optical  power   an   indefinite  number,  still  more 
minute,  would  doubtless  be  detected.     In  orbits  nearly  circular,  how- 
ever, bodies  so  extremely  small  could  not  become  known  to  us,  unless 
their  mean  distances  were   nearly  the   same  with  that  of  the  earth. 
But  with  eccentricities  equal  to  those  of  the  comets  of  short  period, 
the  orbits  of  all  having  their  mean  distances  included  between  those 
of  Venus  and  Jupiter,  would  intersect,  or  nearly  intersect,  the  earth's 
path.     Now,  in  the  case  of  both  asteroids  and  comets,  the  smallest  are 
the  most  numerous ;  and,  as  this   doubtless  continues  below  the  limit 
of  telescopic  discovery,  the  earth  ought  to  encounter  such  bodies  in  its 
annual  motion.     It  actually  does  so.     The  number  of  cometoids 
thus  encountered,  in  the  form  of  meteoric  stones,  fire-balls,  and  shooting 
stars,  in  the  course  of  a  single  year,  amounts  to  many  millions.     The 
extremely  minute,  and  such  as  consist  of  matter  in  the  gaseous  form, 
are  consumed  or  dissipated  in  the  upper  regions  of  the  atmosphere ; 
no  deposit  from  ordinary  shooting  stars  having  ever  been  known  to 
reach  the  earth's  surface.     But  there  is  probably  great  variety  in  the 
physical  constitution  of  the  bodies  encountered ;  and,  though  compara- 
tively few  contain  a  sufiicient  amount  of  matter  in  the   solid  form  to 
reach  the  surface  of  our  planet,  scarcely  a  year  passes  without  the 
fall  of  meteoric  stones  in  some  part  of  the  earth,  either  singly  or  in 
clusters.     Now,  when  we  consider  how  small  a  proportion  of  the  whole 
number  are  probably  observed,  it  is  obvious  that  the  actual  occurrence 
of  the  phenomenon  can  be  by  no  means  rare. 

The  most  probable  inference  from  a  comparison  of  the  facts  known 
in  regard  to  comets,  shooting  stars,  fire-balls,  and  meteoric  stones,  is 
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that  they  are  bodies  of  the  same  nature,  and  perhaps  of  similar  origin  ; 
differing  from  each  other  mainly  in  the  accidents  of  magnitude  and 
density.  The  amount  of  matter  under  these  various  forms  within  the 
limits  of  the  solar  system  is  doubtless  immense.  Besides  the  meteoric 
rings  of  August  and  November,  several  others  are  now  well  known. 
It  is  worthy  of  remark,  moi-eover,  that  three  of  the  dates  specified  by 
Mr.  Greg  as  aerolite  epochs  ai'e  coincident  with  those  of  shooting 
stars;  namely,  February  15tli-19th,  'July  2Gth,  and  December 
13th.  The  whole  number  of  exhibitions  enumerated  in  Quetelet's 
Catalogue^  is  315.  In  eighty-two  instances  the  day  of  the  month  on 
which  the  phenomenon  occurred  is  not  specified.  Neai'ly  two-thirds 
of  the  remainder  belong  to  established  epochs,  and  the  periodicity  of 
others  will  perhaps  yet  be  discovered.  But  reasons  are  not  wanting 
for  believing  that  our  system  is  traversed  by  numerous  meteoric 
streams  besides  those  which  actually  intersect  the  earth's  orbit.  The 
asteroid  region  between  Mars  and  Jupiter  is  doubtless  such  an  annu- 
lus.  The  Zodiacal  Light  is  probably  a  dense  meteoric  ring,  or  rather, 
perhaps,  a  number  of  rings.  We  speak  of  it  as  dense  in  comparison 
with  others  which  are  invisible  except  by  the  ignition  of  their  parti- 
cles in  passing  through  the  atmosphere. 

Qf  the  various  theories  which  have  been  proposed  to  account  for 
the  origin  of  solar  heat,  perhaps  the  most  probable  is  that  (advocated 
"by  Mayer,  Prof.  William  Thomson,  and  others),  which  ascribes  it 
to  the  fall  of  meteoric  matter.  According  to  this  hypothesis,  the 
Zodiacal  Light  consists  of  meteoric  masses  revolving  round  the  sun  in 
gradually  converging  orbits.  The  inner  portions  of  this  immense 
"  tornado  "  are  resisted  in  their  motion  by  the  solar  atmosphere,  and 
hence  are  being  constantly  precipitated  upon  the  sun's  surface.  The 
orbital  motion  thus  arrested  is  converted  into  heat.  The  present  paper 
is  designed  to  extend  this  meteoric  theory  to  a  number  of  phenomena 
that  have  hitherto  received  no  satisfactory  explanation. 

I.   Variable  and  Temporary  Stars- 

No  theory  as  to  the  origin  of  the  sun's  light  and  heat  would  seem 
to  be  admissible  unless  applicable  also  to  the  sidereal  systems.  Will 
the  meteoric  theory  explain  the  phenomena  of  variable  and  temporary 
stai-s  ? 

*  Physique  du  Globe,  chapitic  IV. 
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"It  may  be  remarked  respecting  variable  stars,  that,  in  passing 
through  their  successive  phases,  they  are  subject  to  sensible  irregulari- 
ties, which  have  not  hitherto  been  reduced  to  fixed  laws.  In  general 
they  do  not  always  attain  the  same  maximum  brightness,  their  fluctua- 
tions being  in  some  cases  very  considerable.  Thus,  according  to  Arge- 
lander,  the  variable  star  in  Corona  Borecdis,  which  Pigott  discovered 
in  179o,  exhibits  on  some  occasions  such  feeble  changes  of  brightness, 
that  it  is  almost  impossible  to  distinguish  the  maxima  from  the  minima 
by  the  naked  eye  ;  but  after  it  has  completed  several  of  its  cycles  in 
this  manner,  its  fluctuations  all  at  once  become  so  considerable  that 
in  some  instances  it  totally  disappears.  It  has  been  found,  moreover, 
that  the  light  of  variable  stars  does  not  increase  and  diminish  sym- 
metrically on  each  side  of  the  rnaximum,  nor  are  the  successive  inter- 
vals between  the  maxima  exactly  equal  to  each  other."  ^ 

Of  the  numerous  hypotheses  hitherto  proposed  to  account  for  these 
phenomena  we  believe  none  can  be  found  to  include  and  harmonize 
all  the  facts  of  observation.  The  theories  of  Herschel  and  Mauper- 
tius  fail  to  explain  the  irregularity  in  some  of  the  periods  of  variation  ; 
while  those  of  Newton  and  Dunn  afford  no  explanation  of  the  perio- 
dicity itself.  But  let  us  suppose  that  among  the  fixed  stars  some  have 
atmospheres  of  great  extent,  as  was  probably  the  case  with  the  sun  at 
a  remote  epoch  in  its  history.  Let  us  also  suppose  the  existence  of 
nebulous  rings,  like  those  of  our  own  system,  moving  in  orbits  so 
elliptical  that  in  their  perihelia  they  pass  through  the  atmospheric 
envelopes  of  the  centi-al  stars.  Such  meteoi-ic  rings  of  varying  den- 
sity, like  those  revolving  about  the  sun,  Avould  evidently  produce  the 
phenomena  of  variable  stars.  The  resisting  medium  through  which 
they  pass  in  perihelion  must  gradually  contract  their  orbits,  or,  in 
other  words,  diminish  the  intervals  between  consecutive  maxima. 
Such  a  shortening  of  the  period  is  now  well  established  in  the  case  of 
AlgoL  Again,  if  a  ring  be  influenced  by  planetary  perturbations,  the 
period  will  be  variable,  like  that  of  Mira  Geti.  A  change,  moreover, 
in  the  perihelion  distance  will  account  for  the  occasional  increase  or 
diminution  of  the  apparent  magnitude  at  the  different  maxima  of  the 
same  star.  But  how  are  we  to  account  for  the  variations  of  bright- 
ness observed  in  a  number  of  stars  where  no  order  or  periodicity  in 

1  Grant's  History  of  Physical  Astronomy,  p.  541. 
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the  variation  has  as  yet  been  discovered  ?  It  is  easy  to  perceive  that 
either  a  single  nebulous  ring  with  more  than  one  hiatus,  or  several 
rings  about  the  same  star,  raay  produce  phenomena  of  the  character 
described.  Finally,  if  the  matter  of  an  elliptic  ring  should  accumu- 
late in  a  single  mass,  so  as  to  occupy  a  comparatively  small  arc,  its 
passage  through  perihelion  might  produce  the  phenomenon  of  a  so- 
called  temporary  star. 

Recent  researches  relating  to  nebulae  seem  in  some  measure  con- 
firmatory of  the  view  here  presented.  These  observations  have 
shown,  (1)  a  change  of  position  in  some  of  these  objects,  rendering  it 
probable  that  in  certain  cases  they  are  not  more  distant  than  fixed 
stars  visible  to  the  naked  eye,  and  (2)  a  variation  in  the  brilliancy 
of  many  small  stars  situated  in  the  great  nebula  of  Orion,  and  also 
the  existence  of  numerous  masses  of  nebulous  matter  in  the  form  of 
tufts  apparently  attached  to  stars; — facts  regarded  as  indicative  of  a 
physical  connection  between  the  stars  and  nebulas.-^ 

II.     The  Diminution  of  Mercury's  Mean  Motion. 

From  a  comparison  of  the  ancient  and  modern  observations  of 
Mercury,  Leverrier  has  found  that  the  planet's  mean  motion  has  sen- 
sibly diminished,^  as  though  its  distance  from  the  sun  had  been  slightly 
inci'eased.  Now,  since  the  interior  planets  appear  to  be  moving 
through  the  masses  of  meteoric  matter  which  constitute  the  Zodiacal 
Light,  it  would  seem  probable  that  they  are  receiving  from  this  source 
much  gi-eater  accretions  of  matter  than  the  earth.  Mercury's  orbit, 
moreover,  is  very  eccentric ;  and  hence  he  is  beyond  his  mean  dis- 
tance from  the  sun  during  much  more  than  half  his  period.  Probably, 
therefore,  the  greater  increments  of  meteoric  matter  are  derived  from 
such  portions  of  the  Zodiacal  Light  as  have  a  longer  period  than  Mer- 
cury himself.  If  so,  the  obvious  tendency  would  be  to  diminish  slowly 
the  planet's  mean  motion. 

III.     Dark  Days. 

Several  instances  are  recorded  of  remarkable  obscurations  of  the 
sun  without  any  known  adequate  cause.     The  transit  of  a  stream  or 

1  Gautier's  Notice  of  Recent  Researches  relating  to  Nebula;,  American  Journal 
of  Science  and  Arts,  Jan.  18G3,  and  March  1804. 
'' Lcvcrricr's  Annalcs  de  I'Obscrvuloire,  tome  I.,  p.  38. 
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cloud  of  meteoric  asteroids  affords  the  most  probable  explanation  of 
the  phenomenon. 

IV.    Motion  of  the  Apsides  op  Titan. 

Bessel  found  the  apsides  of  Titan  to  have  a  direct  annual  motion  of 
30'  28"  in  longitude  on  the  ecliptic.  Assuming  that  this  motion  is 
produced  by  the  disturbing  influence  of  the  ring,  the  great  Konigsberg 
astronomer  estimated  the  mass  of  the  latter  at  x^st^?  ^^^^^  ^^  Saturn 
being  unity.  The  following  considerations  seem  sufficient  to  render 
the  correctness  of  this  determination  doubtful ;  especially  as  another 
pi'obable  cause  may  be  assigned  for  the  phenomenon :  — 

1.  The  mass  assigned  by  Bessel  is  more  than  fifty  times  the  sum  of 
the  masses  of  the  eight  satellites,  and  indeed  nearly  equal  to  the  mass 
of  the  earth  itself.  Now,  that  the  ring  or  rings  may  be  regarded  as 
satellites  is  universally  admitted.  But  as  a  general  thing  the  interior 
members  of  a  system  are  smaller  than  the  more  remote.  So  large  a 
mass,  therefore,  near  the  centre  of  the  system  would  be  an  exception 
to  the  order  elsewhere  observed. 

2.  With  Bond's  estimate  of  the  thickness  of  the  ring,  the  density 
corresponding  to  Bessel's  value  of  the  mass  is  much  greater  than 
that  of  the  primary ;  greater,  indeed,  than  that  of  any  member  of  the 
planetary  system  exterior  to  Mars. 

3.  The  physical  aspect  of  the  rings  is  not  indicative  of  consider- 
able density.  The  new  or  innermost  one  is  semi-transparent.  The 
body  of  the  planet  has  been  faintly  seen  through  it  without  distortion, 
showing  that  the  rays  of  light  do  not  pass  through  a  refracting  me- 
dium. It  is  probable,  therefore,  that  the  rings  consist  of  meteoric 
masses  in  a  disintegrated  state;  those  of  the  innermost  being  very 
sparsely  scattered ;  the  others  of  sufficient  thickness  to  prevent  the 
transmission  of  light,  but  less  compact  than  would  be  indicated  by 
Bessel's  value  of  the  mass. 

On  the  sHghtest  examination  of  the  Saturnian  system,  we  observe 
between  Rhea  and  Titan  a  remarkable  chasm  in  the  order  of  distances 
of  the  satellites.  This  missing  term  is  no  less  obvious  than  was  that 
between  Mars  and  Jupiter  before  the  discovery  of  the  asteroids. 
Now,  as  in  the  primary  system  the  zone  of  small  planets  occurs  just 
interior  to  the  powerful  mass  of  Jupiter,  it  seems  probable  that  a  sim- 
ilar ring  of  meteor-asteroids  exists  within  the  orbit  of  Titan,  the  larg- 
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est  of  Saturn's  satellites.  The  disturbing  influence  of  such  a  mass 
may  account,  at  least  partially,  for  the  phenomenon  attributed  by 
Bessel  to  the  attraction  of  the  ring. 

V.     Saturn's  Rings. 

In  the  meteoric  theory,  the  rings  of  Saturn  consist  of  an  indefinite 
number  of  extremely  minute  asteroids  or  meteorites.  It  may  also  be 
worthy  of  remark  that  the  interval  between  the  two  bright  rings  cor- 
responds to  the  distance  at  which  a  satellite  would  revolve  in  precisely 
one-third  of  the  period  of  Enceladus  ;  —  a  fact  which  seems  suggestive 
in  regard  to  the  cause  of  this  interval.  The  portions  of  the  primitive 
ring  which  revolved  at  this  distance  would  always  be  in  conjunction 
with  that  satellite  in  the  same  parts  of  the  orbit.  The  disturbing  ef- 
fect would  be  increased  at  every  conjunction ;  the  orbits  of  tlie  dis- 
turbed particles  becoming  more  and  more  eccentric  until  such  portions 
of  the  meteoric  matter  would  be  brought  in  contact  with  others  at 
either  a  greater  or  less  mean  distance  from  the  centre. 

VI.     Distribution  of  the  Mean  Distances  of  the  Asteroids 
BETWEEN  Mars  and  Jupiter. 

Of  the  87  asteroids  whose  elements  have  been  computed,  69  are  in- 
cluded within  the  limits  2.20  and  2.80.  As  the  difficulty  of  detection 
increases  with  the  increase  of  distance,  it  would  perhaps  be  premature 
to  attempt  any  classification  of  the  distances  beyond  the  latter  limit. 
The  distribution  of  those  whose  mean  distances  are  less  than  2.80  is  as 
follows :  — 


between 
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6 

minimum. 

2.30  and  2.40 
2.40  and  2.50 

.       11 
13 

[•    maximum. 

u 

2.50  and  2.60 

7 
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u 

(( 

2.60  and  2.70 
2.70  and  2.80 

.       17 
.       15 

l    maximum 

Two  remarkable  chasms  occur  in  the  order  of  distances  of  these  bodies, 
one,  between  Ariadne  (2.20.34)  and  Feronia,  (2.2677),  the  other,  be- 
tween Thetis  (2.4733)  and  Ilestia  (2.5261).  The  former  includes 
the  distance  at  which  7  periods  of  an  asteroid  would  be  equal  to  2  of 
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Jupiter ;  the  latter,  that  at  which  3  periods  of  an  asteroid  would  be 
equal  to  1  of  Jupiter.  Another  decided  hiatus  is  observed  between 
Leto  (2.7822)  and  Polyhymnia  (2.8G51).  This,  it  will  be  noticed, 
corresponds  to  the  distance  at  which  5  asteroid  periods  would  be  equal 
to  2  of  Jupiter.  These  gaps  or  chasms  may  thus  be  regarded  as  analo- 
gous to  those  in  the  ring  of  Saturn. 


4.     On  the  Dearborn  Observatory.      By  T.  H.  Safford,  of 

Chicago,  111. 

This  observatory  originated  in  a  movement  started  some  years  ago 
by  Prof.  Forey,  who  gave  a  series  of  lectures  on  Astronomy  in  Chi- 
cago, and  proposed  to  the  citizens  the  purchase  of  a  telescope  of  Mr. 
Henry  Pitts.  A  committee  was  appointed  to  raise  subscriptions  for 
the  purpose,  and  Hon.  J.  Y.  Scammon  offered  the  means  for  the  erection 
of  the  necessary  building.  A  committee  was  also  appointed  to  investi- 
gate the  subject  of  telescopes,  and  determined  not  to  purchase  the  in- 
strument of  Mr.  Pitts,  but  to  obtain,  if  possible,  that  being  constructed 
by  Mr.  Clarke,  of  Cambridge,  Mass.,  which  had  been  ordered  by 
President  Barnai-d  for  the  University  of  Mississippi,  but  which  was 
lost  to  its  original  purchasers  by  the  occurrence  of  the  war.  The 
object-galss  for  this  instrument  is  the  largest  in  existence,  —  eighteen 
and  a  half  inches  in  diameter.  It  was  procured  with  some  difficulty, 
and  the  building  to  receive  it  was  commenced,  and  was  completed  last 
March.  It  is  built  of  the  limestone  common  in  Chicago,  and  is  situ- 
ated at  the  southern  extremity  of  the  city.  The  diameter  of  the  tower 
is  thirty  feet,  its  height  ninety-six  feet,  which  is  favorable  to  observa- 
tions, owing  to  the  greater  stillness  of  the  atmosphere.  The  object- 
glass  of  the  telescope  is  of  first-class  excellence,  so  that  full  advantage 
is  got  of  the  aperture.  The  focal  distance  of  the  glass  is  twenty- 
three  feet. 

The  subject  of  observation,  with  which  I  have  chiefly  occupied  my- 
self since  the  telescope  was  mounted,  has  been  that  of  the  nebulae.  I 
have  found  thirty-seven  new  nebulae  not  catalogued  by  Herschel,  and 
noticed  that  many  of  those  described  by  Herschel  as  very  faint  appear 
but  slightly  faint,  showing  that  the  Chicago  instrument  has  great  optical 
power. 
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1.     OiV  THE  Anthistometer.     By  Dr.  L.  Bradley,  of  Ncw  York. 

The  Rheostat  is  an  instrument  for  fixing  tlie  state  and "  regulating 
the  flow  of  a  current  of  electricity.  It  has  been  employed  under  dif- 
ferent forms  by  philosophers  and  professors,  to  prove  theories  and 
establish  principles.  I  have  enlarged  its  field  of  usefulness  in  making 
it  a  thing  of  every-day  practical  utility  in  business.  The  improved 
Rheostat  and  the  improved  Tangent  Galvanometer  hei-e  exhibited, 
taken  together,  constitute  an  instrument  for  conveniently  determining 
and  correctly  measuring  the  resistance  which  conductors  of  electricity 
oppose  to  the  free  propagation  and  transmission  of  a  curi'ent  through 
them,  and  the  resistance  of  coils,  magnets,  batteries,  &c.  It  is  a  meas- 
ure of  resistance  to  which  I  have  applied  the  name  Anthistometer,  from 
the  Greek,  signifying  a  measure  of  resistance. 

This  instrument  I  have  in  constant  use  ;  and  in  my  business,  in  rela- 
tion to  telegraphy,  I  have  made  it  what  the  scale-beam  or  yard-stick 
is  in  commerce.  I  have  adopted  the  practice  of  measuring  and  mark- 
ing the  resistance  of  all  the  magnets  I  put  upon  the  market,  which  en- 
ables telegraph  superintendents  to  arrange  and  adapt  their  magnets  to 
the  several  parts  of  lines  so  as  to  secure  the  greatest  economy  in  their 
use,  which  is  a  matter  of  very  great  importance.  I  make  the  rheostat 
daily  useful  also  in  comparing  magnets  and  ascertaining  their  relative 
working  qualities. 

The  subject  of  a  uniform  standard  of  resistance  has  engaged  the  at- 
tention of  electricians,  considerably,  but  they  have  not  as  yet  arrived 
at  anything  reliable.  Wire  of  a  given  number  is  not  only  more  or  less 
variable  in  its  dimensions,  but  is  also  variable  in  the  specific  resistance 
of  the  metal  of  which  it  is  composed.  The  standard  unit  of  resistance 
of  tliis  instrument  ap[)roximates  that  of  one  mile  of  No.  8  iron  wire. 
It  consists  of  coils  of  different  resistances,  from  the  ^  mile  to  150 
miles,  which  are  so  connected  with  switches  that  any  amount  of  resist- 
ance up  to  1200  miles  can  be  introduced  at  pleasure  ;  and  the  graduated 
sliding  bar  subdivides  the  \  of  a  mile  into  luuidredlhs  of  a  mile.  The 
true    Tangent   Galvanometer    (Kheometer)    measures     correctly    the 
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Strength  or  actual  force  of  a  current  in  circulation,  which  it  may  be 
demonstrated  is  directly  proportional  to  the  tangent  of  the  angle  of  de- 
flection. Common  galvanometers  do  not  fulfil  the  requisite  condition 
for  this,  viz. :  that  the  adventitious  force  which  is  sent  through  the 
galvanometer  coil  shall  act  with  the  same  uniformity  upon  the  needle 
in  all  its  deviations  as  the  terestrial  magnetism  does.  Where  the  coil 
is  narrow  and  the  needle  long,  the  inductive  influence  upon  the  needle 
is  very  great  while  it  is  at  or  near  the  meridian ;  but,  as  it  deflects,  its 
extremities  pass  more  and  more  away  from  the  rays  of  induction,  and 
consequently  its  deflections  are  less  and  less,  so  that  the  tangents  of 
deflection  are  not  at  all  proportional  to  the  strength  of  current.  To 
obviate  this  difiiculty,  I  made  a  coil  of  few  layers  carefully  wound, 
whose  width  was  equal  to  the  length  of  the  needle,  but  upon  trial  a 
difiiculty  in  the  opposite  direction  was  manifest.  When  the  needle  is 
on  the  meridian  over  such  a  coil  it  is  under  the  influence  of  but  few 

convolutions  of  the  coil  wire,  but 
Tan  S  .  as  it  deflects  more  and  more,  it 
comes  under  the  influence  of  more 
and  more  of  the  convolutions,  so 
that  the  effect,  instead  of  dimin- 
ishing, as  in  the  former  case,  is 
more  and  more  increased.  Being 
now  convinced  that  the  truth  lay 
somewhere  between  the  extremes 
of  these  experiments,  I  resolved 
to  find  it  if  possible,  and  upon  a 
little  reflection  the  expedient  was 
presented  of  making  a  compound 
needle,  composed  of  several  pieces 
or  needles  of  thin  flat  steel,  fixed 
horizontally  upon  a  light  flat  ring 
of  metal,  and  so  trimmed  as  to 
foi'm  a  complete  circular  disc  of 
needles  having  an  agate  cup  in 
the  centre  to  rest  upon  the  pivot 
on  which  it  turns.  At  each  ex- 
tremity of  the  meridian  light  points  project  to  indicate  the  degrees  of 
deflection.     Tlie  needles  being  polarized  and  balanced  upon  the  pivot 
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and  placed  over  the  coil,  it  was  found  to  move  witli  great  celerity. 
This  compound  circular  needle  being  under  the  influence  of  the  same 
number  of  convolutions  of  the  coil  in  all  its  deflections,  it  would  seem, 
must  necessarily  fulfil  the  conditions  required  as  mentioned  above. 

The  Theorem :  "  The  intensity  of  currents,  as  measured  by  the  tan- 
gent galvanometer,  is  proportional  to  the  tangents  of  the  angles  of  de- 
flection," I  verify  in  the  following  manner :  — 

The  terrestrial  magnetism  whose  tendency  is  to  direct  the  gal- 
vanometer needle  to  the  magnetic  meridian,  I  make  the  unit  of 
directive  force ;  and  I  let  this  unit  be  represented  geometrically  by  the 
line  A  M,  Fig.  1,  which  is  the  radius  of  the  circle  M  B  M;  the  line 
M  A  M  representing  the  meridian.  "When  there  is  no  other  force  ^ 
acting  on  the  needle,  its  direction  is  with  the  meridian.  Now  let  an 
electric  current  be  sent  through  the  galvanometer  coil,  whose  directive 
force  is  precisely  equal  to  the  terrestrial  force,  and  whose  tendency  is 
to  direct  the  needle  in  a  line  perpendicular  to  the  meridian,  and  let 
this  force  be  represented  by  the  line  A  B. 

If  the  terrestrial  force  could  now,  for  a  moment,  be  suspended,  the 
needle  would  point  due  east  and  west ;  but  the  combined  action  of  the 
two  equal  foi'ces  will  direct  the  needle  toward  the  point  of  intersection 
of  the  line  drawn  perpendicularly  from  M,  and  that  drawn  horizon- 
tally from  B,  at  1,  which  direction  cuts  the  quadrant  at  45°,  the  line 
M  1  being  the  tangent  of  45°,  which  is  1. 

Now,  if  we  augment  the  intensity  of  the  current  through  the  coil  to 
twice  its  present  force,  which  will  be  2,  and  will  be  represented  by  the 
line  A  C,  the  combined  forces  A  M  and  A  C  will  direct  the  needle 
toward  the  point  2.  If  we  now  lay  a  protractor  on  the  circle,  we  find 
that  the  line  A  2  cuts  it  at  about  63°  30',  of  which  the  tangent  is  2. 

We  may  increase  the  parallelogram,  erected  upon  A  M,  at  pleas- 
ure, and  the  two  forces  combined  will  always  so  balance  the  needle 
between  them  as  to  make  it  point  from  A,  diagonally,  across  the  paral- 
lelogram to  its  opposite  angle,  the  height  of  which  is  the  tangent  of 
the  angle  of  deflection. 

By  inspection  of  the  diagram  it  is  seen  that  the  law  holds  good 
in  the  subdivisions  of  the  force  A  B,  as  at  .5,  .25,  and  .125,  a  truth 
admitted  by  all  philosophers,  as  to  the  relations,  up  to  14'^. 

I  believe  that  it  is  an  admitted  truth  that  the  correlations  of  forces 
in  magnetism  are  the  same  as  those  of  gravity,  —  each  within  its  own 
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sphere  ;  that  of  the  former  being  confined  within  limits,  while  that  of 
the  latter  is  coextensive  with  the  universe. 

Now,  let  us  apply  the  principles 
of  avoirdupois:  here  is  a  wheel 
which  turns  freely  on  its  axis,  and 
is  graduated  to  degrees  and  min- 
utes. 

If  we  attach  a  pound  weight  to 
its  periphery  at  (a)  its  tendency 
will  be  to  maintain  its  position  at 
the  plumb-hne  P  a  B,  which  is 
the  line  of  centres  of  gravity.  Let 
us  suppose  the  pound  weight  at 
(a)  to  be  a  constant  quantity  and  a 
unit  offeree,  corresponding  to  that 
of  terrestrial  magnetism,  A  M, 
Fig.  1. 

Now,  if  we  attach  to  the  wheel 
at  C  a  force  precisely  equal  to  (a), 
whose  tendency  is  to  assume  the 
position  of  the  force  at  (a),  we 
shall  have  two  forces  acting  against 
eacli  other,  and  whose  relations  to 
each  other  are  the  same  as  those 
of  A  M,  and  A  B,  in  Fig.  1 :  and 
they  will  so  adjust  the  wheel  that 
they  will  stand  equally  distant 
from  the  line  of  centres  of  gravity  at  b!  and  c',  and  the  wheel  will  be 
found  to  have  turned  just  45^*,  the  tangent  of  which  is  1.  If  we  now 
augment  the  force  at  c'  to  twice  its  present  weight,  it  will  descend  to  c", 
and,  at  the  same  time,  the  weight  at  a'  will  ascend  to  a",  and  the 
weight  at  a"  will  be  found  to  be  just  twice  as  far  from  the  line  of 
centres  as  that  at  c",  and  the  plumb-line  will  cut  the  wheel  at  eS'^  30', 
the  tangent  of  which  is  2.  The  augmented  force  is  2,  and  the  tangent 
of  deviation  is  2.  We  may  increase  the  force  at  c"  as  we  please,  as 
at  c'"  or  c"",  and  the  wheel  will  be  so  adjusted  that  the  distance  of  the 
weight  at  (c),  from  the  line  of  centres,  as  compared  with  that  at  (a),  will 
be  inversely  proportional  to  its  weight,  and  the  plumb-line  will  cut  the 
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circle  at  the  degree  whose   tangent  is  directly  proportional  to  the 
weight. 

Therefore  :  the  intensity  of  cu7'rents  of  electricity,  as  measured  hy 
ike  true  tangent  galvanometer,  is  proportional  to  the  tangents  of  the 
angles  of  deflection  of  the  needle. 

This  galvanometer  has  three  distinct  coils.  No.  1  consists  of  three 
layers  of  No.  32  copper  wire,  and  gives  3.1  miles  resistance.  No.  2 
consists  of  one  layer  of  No.  28  wire,  and  gives  .4  mile  resistance. 
No.  3  is  a  simple  plate  of  copper,  whose  resistance  is  nul,  or  so  small 
that  it  need  not  be  taken  into  account.  No.  1  is  for  intensity.  No. 
3  for  quantity,  and  No.  2  for  common  mixed  currents. 

I  now  employed  a  current  from  4  cups  of  Hill's  Baltery ;  first  through 
coil  No.  1,  and  then  through  coil  No.  2,  against  diffei-ent  resistances, 
from  4.1  to  151.1  miles :  the  resistance  of  No.  1  being  greater  than 
that  of  No.  2,  I  was  careful  to  switch  in  rheostat  coils,  so  that  the 
sum  of  the  resistances  of  the  galvanometer,  and  the  rheostat  coils  in 
the  circuit  should  be  always  equal,  thereby  securing  isodynamous,  or 
equally  intense  currents. 

The  resistances  introduced  in  five  observations  were  4.1  —  11.1  — 
41.1  —  81.1  and  151.1  miles.  The  tangents  of  the  several  deflec- 
tions by  No.  1  being  divided  by  those  by  No.  2,  gave  the  following 
quotients  :  4.4  —  4.3  —  4.4  —  4.44  and  4.3. 

The  deflections  by  No.  1  were  from  lb""  to  8*  30',  and  by  No.  2, 
from  40^*  10'  to  2''.  Such  results  give  indisputable  evidence  of  a  very 
true  tangent  galvanometer.  At  the  same  time  I  noted  the  deflec- 
tions of  another  galvanometer,  whose  needle  is  4  in.  long,  coil  ^  in.  wide, 
and  resistance  .9  mile,  under  the  influence  of  the  same  isodynamous 
currents.  Dividing  the  tangents  of  No.  1  by  those  with  this  instru- 
ment I  obtained  the  following  quotients  :  2.41  —  1.45  —  .84  —  .51  and 
.4G.  Showing  how  much  more  powerfully  the  needle  of  the  old  gal- 
vanometer was  influenced  when  near  the  meridian,  and  how  the  effect 
diminished  as  compared  with  that  of  coil  No.  1,  when  it  deflected 
so  as  to  carry  its  extremities  more  and  more  outside  of  the  narrow 
coil. 

Galvanometers  have  been  constructed  of  large  circular  coils,  open 
within,  15  to  20  inches  diameter,  with  a  very  short  needle  in  the 
centre,  which  nearly  fulfil  the  condition  required  ;  but  the  deviations 
obtained  by  a  given  current  arc  small  compared  wilh  lliose  of  an  in- 
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strument  whose  needle  is  close  to  the  coil,  and  a  coil  of  much  greater 
resistance  is  necessary.  Such  galvanometers  are  large,  cumbersome, 
and  inconvenient,  and  the  changes  in  the  deflections  are  too  minute  to 
ensure  great  accuracy  in  the  observations. 

PoggendorfF,  Melloui,  Ampere,  and  others  have  published  ingenious 
methods  of  determining  the  relative  intensities  of  currents,  by  any  com- 
mon galvanometer,  which  may  perhaps  be  sufficiently  reliable  for  ordi- 
nary purposes,  but  in  every  case  laborious  computations  have  to  be 
made  and  a  table  or  scale  arranged  with  great  labor  for  each  individual 
galvanometer,  in  order  to  make  it  available  for  any  valuable  purpose. 

The  expense  and  difficulties  attending  all  such  methods  are  such  as 
to  render  them  unavailable  for  men  of  ordinary  means  who  cannot 
afford  the  requisite  time  and  money. 

To  measure  the  resistance  of  a  magnet  or  coil  by  the  Anthistometer, 
I  put  it  in  connection,  between  the  two  front  screw  cups  at  the  left 
hand  end  of  the  rheostat ;  the  galvanometer  being  connected  between 
the  screw  cup  at  the  right-hand  end  and  one  pole  of  the  battery  while 
the  other  pole  of  the  battery  is  connected  with  the  rear  cup  at  the  left 
end.  Now,  if  we  turn  the  left  hand  switch  to  the  left,  the  current  goes 
through  the  thing  to  be  measured,  but  if  we  turn.it  to  the  right,  it  goes 
through  the  coils  of  the  rheostat.  The  resistances  of  these  coils  are 
designated  by  the  figures  over  the  several  switches  on  the  front  as  the 
equivalent  of  miles  and  fractions  of  a  mile.  I  now  turn  the  current 
upon  the  thing  to  be  measured  and  observe  to  what  degree  the  needle 
is  deflected,  and  then  turn  it  upon  the  rheostat  and  switch  in  resistance 
until  the  needle  settles  at  the  same  degree.  The  sum  of  the  numbers 
at  which  the  switches  now  stand  gives  the  resistance. 

The  switch  which  turns  the  current  upon  the  magnet  and  back  on  to 
the  rheostat,  also  the  graduated  bar  and  coil  which  measure  hun- 
dredths of  a  mile,  are  inventions  of  my  own,  which  give  great  facility 
in  taking  nice  and  accurate  observations. 

I  have  also  discovered  a  new  method  of  determining  the  resistance  of 
a  battery  by  the  Anthistometer.  To  do  this  I  put  a  cup  in  connection, 
as  I  do  a  magnet  whose  resistance  I  wish  to  measure.  The  switches 
being  all  at  0,  the  needle  deflects  to  —  say  70°  30'.  I  now  turn  the 
current  through  the  cup,  the  action  of  which  being  added  to  that  of 
the  main  battery,  the  needle  deflects  to  72°  40'.  I  now  reverse  the 
current  through  the  cup,  so  that  its  action  opposes  that  of  the  main, 
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and  the  deflection  is  G5°i)5'.  The  tangents  of  the  two  extreme  deflec- 
tions are  3.204  and  2.237,  which,  being  added  and  their  sum  divided 
by  two,  gives  2.720  for  the  mean  tangent,  of  which  the  corresponding 
degree  is  69°  50' ;  by  now  turning  the  current  through  the  rheostat  and 
drawing  the  graduated  bar  to  .20  the  needle  comes  to  the  same  degree 
(69°  50').  The  resistance  of  the  cup  is  therefore  .2  mile.  In  com- 
paring two  magnets  for  determining  their  relative  working  qualities,  I 
remove  the  galvanometer  and  put  the  two  magnets  in  its  place,  both  con- 
nected in  the  same  circuit  with  the  rheostat.  Let  the  magnets  be  ad- 
justed with  equal  fineness,  and  then  gradually  switch  in  resistance  until 
one  or  both  shall  fail  to  operate.  If  there  is  diflerence  in  them  the 
better  magnet  will  continue  to  work  after  the  other  shall  have  ceased. 


2.     On  the  Electro-Magnet.      By  Dr.  L.  Bradley,  of 
New  York. 

In  presenting  my  improved  Electro-Magnet,  I  beg  to  call  attention 
to  the  first  and  principal  feature  of  the  improvement,  namely,  the 
Helix,  which  was  patented  August  1st,  1865,  and  is  made  of  fine  naked 
copper  wire,  so  wound  that  the  convolutions  ai'e  separated  from  each 
other  by  a  space  of  the  six-hundredth  to  the  eight-hundredth  of  an 
inch,  the  spires  or  layers  being  separated  by  thin  pajier.  , 

In  helices  of  silk-insulated  wire,  the  space  occupied  by  the  silk  is 
from  the  one-hundred-and-fiftieth  to  the  three-hundredth  of  an  inch. 
A  covering  that  occupies  less  than  the  three-hundredth  of  an  inch  is 
not  sufficient  for  safe  insulation,  without  the  interposition  of  paper 
betAveen  the  layers.  By  this  mode  of  winding  I  make  a  spool  of  a 
given  length  and  size  of  wire,  and  of  given  resistance,  to  be  of  much 
less  diameter  and  to  contain  a  much  greater  number  of  convolutions 
than  it  is  possible  to  make  of  silk-covered  wire.  As  the  effect  of  the 
current  in  inducing  magnetism,  in  the  soft  iron  core  of  a  magnet, 
depends  upon  the  number  of  convolutions  and  their  proximity  to  the 
core,  the  advantages  of  this  compact  winding  are  so  manifest  that  I 
feel  justified  in  claiming  it  as  an  important  step  in  advance  toward 
the  perfection  of  the  telegraph. 
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I  feel  myself  well  fortified  in  this  claim  by  the  united  testimony  of 
operators  generally,  where  my  magnets  have  been  used  on  long  lines 
in  bad  weather,  and  the  daily  growing  demand  for  them. 

The  limited  resistance  which  they  oppose  to  the  electric  current, 
taken  in  connection  with  their  superior  working  powers,  is  an  im- 
portant consideration  in  their  favor.  Unnecessary  resistance  in  a  line 
is  very  objectionable. 

A  desideratum  in  telegraphy  is  a  receiving  magnet  having  the 
greatest  effective  force,  and  at  the  same  time  opposing  the  least  re- 
sistance to  the  electric  current,  and  this  I  claim  to  have  attained.  I 
am  so  sanguine  as  to  the  superiority  of  these  magnets  that  I  do  not 
hesitate  to  invite  any  manufacturer,  or  other  person,  to  produce  a 
magnet  of  silk-insulated  wire,  and  let  its  resistance  be  determined  ; 
and  I  pledge  myself  to  furnish  one  of  naked  wire,  of  equal  or  less 
resistance,  which  shall  work  on  a  line  of  same  length,  and  against  an 
equal  amount  of  rheostat  resistance,  which  may  even  be  increased  after 
his  shall  cease  to  work. 

The  low  price  of  these  magnets  is  an  important  advantage.  The 
cost  of  silk-covered  wire  is  four  to  six  dollars  a  pound,  while  that  of 
naked  wire  is  less  than  one  dollar.  Better  working  magnets,  there- 
fore, are  offered  at  $16  each  than  are  s,old  by  other  manufacturers 
at  $20. 

In  making  magnets  of  high  resistance  I  find  advantage  in  using  two 
or  more  sizes  of  wire,  and  such  as  to  keep  the  diameter  of  the  coil 
within  what  I  conceive  to  be  the  proper  limit,  say  one  and  an  eighth 
inch,  and  this  I  claim  as  novel.  As  we  increase  the  diameter  of  a 
spool,  the  resistance  increases  with  accelerated  rapidity,  namely,  as  the 
circumference  ;  or  (leaving  out  fractions)  it  increases  as  the  diameter 
multiplied  by  three,  while  the  magnetizing  power  increases  by  a  con- 
stantly diminishing  increment ;  for  my  experiments  have  proved  that 
convolutions  at  a  distance  from  the  core  of  a  magnet  do  not  give  equal 
effect  with  those  that  are  in  close  proximity,  notwithstanding  their 
greater  circumference.  Another  advantage  is  gained  by  the  use  of 
helices  of  small  diameter,  from  the  close  proximity  in  which  the  cores  of 
the  magnet  may  be  placed  to  each  other ;  for  it  is  well  known  that  the 
poles  react,  one  upon  the  other,  by  induction,  so  as  to  increase  the  mag- 
netic force,  and  the  nearer  the  poles  are  made  to  approach  each  other, 
the  more  powerful  the  magnet  becomes  from  such  reciprocal  action. 
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3.    On  tue  Galvanic  Battery.    By  Dr.  L.  Bradley,  of  New  York. 

In  addressing  myself  to  the  learned  members  of  this  Association  up- 
on the  subject  of  the  galvanic  battery,  I  do  not  propose  to  speak  of  the 
elementary  principles  of  the  battery,  or  of  the  electrodynamic  force 
generated  by  it ;  but  to  confine  myself  to  the  consideration  and  pro- 
mulgation of  some  of  the  discoveries  I  have  been  able  to  make,  aided  by 
the  instruments  heretofore  described  in  my  paper  upon  the  Anthistom- 
eter,  and  to  the  relative  merits  of  such  batteries  as  are  now,  and  as 
have  been  employed  in  telegraphy. 

Before  proceeding  further  I  will  explain  what  I  understand  by  the 
words  quantity  and  intensity,  as  they  are  commonly  used  in  this  bx'anch 
of  science.  These  words  seem  to  me  to  be  technical,  and  to  have  refer- 
ence, not  so  much  to  magnitude  of  any  kind,  as  in  the  common  accept- 
ation of  the  terms,  but  to  peculiar  and  distinct  properties  of  currents. 

I  define  quantity  as  that  property  of  a  current  which  gives  it  great 
magnetizing  power,  as  well  as  great  heating  and  decomposing  power. 
It  is  the  desideratum  in  all  electrolytic  pursuits,  such  as  throwing  down 
metals  from  their  salts,  in  galvanizing,  electrotyping,  etc.,  but  it  is  not 
capable  of  overcoming  any  great  resistance,  or  of  being  propagated  at 
any  great  distance. 

It  is  best  obtained  by  cups  having  large  plates  and  arranged  as  sim- 
ple battery,  that  is,  the  positive  poles  connected,  and  the  negative 
poles  connected,  so  as  to  make  them  equivalent  to  one  large  cup. 

By  intensity  I  mean  that  property  which  overcomes  great  resistance 
and  renders  the  current  efficacious  in  being  propagated  through  long 
lines  of  telegraphic  wire,  and  in  giving  severe  shocks  physiologically. 
This  is  obtained  by  a  large  number  of  cups,  arranged  in  compound 
battery,  having  the  negative  pole  of  one  cup  connected  with  the  posi- 
tive of  the  next,  and  so  on. 

There  is  another  property  of  a  current,  namely,  that  which  renders  it 
capable  of  being  subdivided,  and  of  intensely  charging  and  operating 
a  number  of  long  lines  at  the  same  time. 

This  is  obtained,  either  by  a  large  number  of  large  cups,  or,  what  is 
more  convenient,  a  number  of  parallel  series  of  compound  battery, 
having  the  simihir  poles  of  the  several  scries  connected.  A  current 
possessing  this  pi'opcrty,  I  have  presumed  to  call  volume  of  intensity. 
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T  do  tills  with  some  diffidence  for  I  know  that  electricians  have  consid- 
ered it  a  simple  combination  of  quantity  and  intensity,  and  have  not 
seemed  to  notice  the  distinction  I  am  speaking  of;  but  it  seems  to  me 
that  no  portion  of  this  current  can  exhibit  the  true  i)roperties  of  a 
quantity  current.  There  is  certainly  one  plain  distinction ;  that  is,  it  does 
not  possess  that  peculiar  negative  property  of  being  incapable  of  over- 
coming resistance ;  for  the  whole  or  any  subdivision  of  it  is  truly  in- 
tense and  is  capable  of  overcoming  great  resistance  and  of  working  a 
telegraph  at  great  distances.  It  seems  to  me  that  the  reinforcement  of 
an  intensity  current  by  the  addition  of  another  of  the  same  quality 
has  the  effect  of  increasing  the  volume,  and  not  of  converting  it,  in  any 
proper  sense,  into  a  quantity  current :  it  therefore  seems  to  merit  an 
appropriate  name  to  distinguish  it.  I  am  not  tenacious  of  this  name. 
The  batteries  most  used  in  telegraphy  are : 

Smees'  Sulphuric  Acid  battery, 
Grove's  Nitric  "  " 

The  Chromic  "  » 

And  some  forms  of  Sulphate  of  Copper  battery. 

Smees'  battery  has  gone  nearly  out  of  use,  on  account  of  the  incon- 
stancy of  its  current.  When  a  circuit  is  first  closed  upon  it,  it  starts 
off  with  great  energy ;  but  the  counteracting  effect  of  the  gas  which 
accumulates  upon  the  negative  plate  causes  it  gradually  to  subside.  I 
have  seen  the  galvanometer  needle  fall  back  three  or  four  degrees, 
under  the  action  of  a  cup  of  this  battery,  in  the  course  of  twenty  min- 
utes. This  difficulty  and  its  want  of  intensity  renders  it  unsatisfactory 
in  telegraphing.  But  it  gives  great  quantity,  and  in  its  electrolytic 
effects  in  throwing  down  metals  and  other  chemical  uses  it  is  of  great 
value. 

Grove's  battery  is  too  well  known  to  require  description.  The 
theory  of  its  chemical  action  is  such  as  to  make  it  more  powerful  (for 
a  given  number  of  cups)  in  the  combined  properties  of  quantity,  iy,ten- 
sity,  and  volume  of  ijitensity,  than  any  other  battery.  But  the  enormous 
expense  attending  its  use,  together  with  the  deleterious  and  corrosive 
fumes  of  nitrous  acid  continually  emanating  from  it,  are  highly  objec- 
tionable. These  difBculties  are  largely  in  consequence  of  local  action. 
If  we  put  a  globule  of  mercury,  or  a  piece  of  zinc,  or  of  amalgamated 


ELECTRICITY    AND    CHEMISTRY,  25 

zinc,  into  a  tumbler  and  pour  upon  it  a  little  diluted  nitric  acid,  a  vio- 
lent eflfervescence  takes  place,  the  tumbler  soon  becomes  too  hot  to  be 
held  by  the  naked  hand,  and  the  air  is  sufTocatingly  charged  with 
nitrous  acid  fumes.  This  is  precisely  what  takes  place  in  every  cup 
of  Gi'ove's  battery,  just  in  proportion  to  the  quantity  of  nitric  acid 
which,  by  its  tendency  to  diifusion,  percolates  through  the  porous  cup, 
and  this,  I  think,  may  account  for  the  remarkable  fact  that  this  battery 
runs  down  nearly  as  fast,  when  open,  or  when  it  works  but  one  line, 
as  when  it  charges  several  lines,  showing  that  the  consumption  of  ma- 
terial is  due  more  to  this  local  action  than  to  that  which  generates  the 
current. 

The  foregoing  objections  have  caused  this  battery  to  go  out  of  use 
in  many  places  and  to  give  place  to  the 

Chromic  Acid  Battery, 

which  consists  of  the  jar,  the  porous  cup,  the  amalgamated  zinc,  and 
the  carbon  of  Bunsen's  battery,  and  which,  instead  of  nitric  acid  in  the 
porous  cup,  is  charged  with  a  liquid  formerly  used  by  PoggendorfF, 
which  (De  La  Rive,  vol.  11.  p.  810)  is  composed  of  three  parts  by 
weight  of  bichromate  of  potassa,  four  parts  of  concentrated  sulphuric 
acid,  and  eighteen  parts  water.  This  liquid  is  so  corrosive  and  oxidiz- 
ing that  it  has  been  found  almost  impossible  to  make  connections  with 
the  carbons  that  w^ould  serve  any  length  of  time ;  but  A.  S.  Ogden, 
Esq.,  of  Newark,  N.  J.,  and  C.  T.  &  J.  N.  Chester,  of  N.  Y.,  have 
lately  contrived  modes  of  connection  which  appear  to  be  durable  and 
safe.  This  liquid  has  the  effect  to  saturate  or  fill  up  the  carbons  with 
sesquioxide  of  chromium^  which  diminishes  their  conductivity,  making 
it  necessary  at  intervals  of  15  or  20  days  to  renew  the  battery  and 
submit  the  carbons  to  thorough  cleansing,  by  immersion  in  water  for 
24  hours  or  more.  The  bichromate  solution  has  to  be  renewed  every 
day  for  main  circuits,  and  for  local  circuits  twice  a  day.  This  battery 
is  properly  called  chromic  acid  battery,  in  contradistinction  to  the  nitric 
acid  batteries  of  Grove  and  Bunsen.  Chromic  acid  is  the  active  in- 
gredient in  the  porous  cupT  The  greater  attraction  of  the  sulphuric 
acid  takes  the  potassa,  and  the  chromic  acid  is  set  free.  But  the  quan- 
tity is  so  limited  (not  more  than  one  twenty-fifth  of  its  weight)  that 
the  battery  can  never  be  but  short-lived  and  inconstant. 
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The  facility  Avith  which  chromic  acid  parts  witli  oxygen  to  form  water 
with  the  hydrogen,  which  would  otherwise  appear  in  a  free  state  at  the 
negative  plate,  is  such  as  to  make  this  battery  superior  for  its  quantity, 
as  well  as  its  intensity  property.  When  we  form  connection,  by  con- 
tact of  a  short  ground  wire,  a  brilliant  flame  of  fire  is  elicited,  which 
has  been  referred  to  by  I'espectable  electricians  as  a  property  highly 
meritorious. 

It  is  meritorious  in  a  battery  for  electrolytic  purposes,  but  in  tele- 
graphy it  is  the  reverse ;  it  indicates  a  kind  of  force  that  is  not  only 
liable  under  certain  circumstances  to  heat  and  destroy  the  magnet,  but 
is  prone  to  escape  at  every  possible  opportunity.  Every  particle  of 
aqueous  vapor  that  touches  the  telegraph  wire  receives  and  carries  off 
a  full  charge,  and  every  cobweb  or  other  fibrous  material,  that  may 
chance  to  hang  across  the  wire  in  a  damp  atmosphere,  carries  off  a 
stream  of  fire. 

On  the  whole,  it  seems  like  a  hard  choice  of  evils  to  take  this,  in  place 
of  Grove's  battery ;  indeed  the  objections  to  both  are  serious  and  call 
loudly  for  something  better.  In  my  numerous  testings  with  both  the 
chromic  acid  and  the  nitric  acid  batteries,  I  have  always  been  annoyed 
with  irregularities  in  their  action.  I  have  sat  for  hours  to  observe  the 
perturbations  of  the  galvanometer  needle  under  their  action.  When 
using  the  quantity  galvanometer  I  have  observed  the  needle  to  vibrate, 
sometimes  gently  and  steadily  and  at  others  abruptly,  to  the  distance  of 
four  or  five  degrees,  and  have  seen  it  moving  back  and  forth  over  an 
arc  of  10^  or  12'^  in  the  course  of  an  hour.  These  vibrations  are  not 
so  large  where  I  use  the  intensity  galvanometer. 

There  is  another  battery,  a  peculiar  modification  of  the  sulphate  of 
copper  battery,  which,  on  account  of  its  extraordinary  merits,  is  now 
coming  rapidly  into  use  and  promises  to  take  the  place  of  all  others 
in  telegraphing.  It  is  the  invention  of  Di\  E.  A.  Hill,  of  Chicago, 
111.,  who  obtained  a  patent  for  it  August  18th,  1834.  In  the  midst 
of  a  long  experience  in  the  use  of  the  common  sulphate  of  cop- 
per battery  (Daniel's  Battery)  he  observed  that  when  there  was 
nothing  to  prevent,  the  sulphate  of  copper  was  first  withdrawn  from 
the  upper  part  of  the  solution,  and  that  'frequent  agitation  was  re- 
quired to  restore  the  diffusion. 

The  practical  idea,  therefore,  suggested  itself  to  his  mind,  of  discard- 
ing the  porous  cup,  placing  the  copper  in  the  bottom  of  the  vessel 
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where  experience  had  taught  that  the  sulphate  of  copper  sohition  main- 
tained itself  the  longest,  and  suspending  the  zinc  in  the  upper  part 
where  it  would  be  out  of  the  way  of  the  copper  solution,  and  least  ex- 
posed to  local  action.  The  idea  being  carried  out  in  practice,  he 
claims,  and  I  think  justly,  that  the  most  simple  and  philosophic  battery 
ever  produced  was  obtained.  The  use  of  the  battery  for  more  than 
three  years  has  demonstrated  that  for  economy,  constancy,  durability, 
and  ease  of  management,  it  is  superior  to  all  others. 

A  battery  of  150  cups  charged  8  and  9  lines  well,  at  the  Chicago 
office  of  the  Illinois  and  Missouri  Telegraph  Company,  at  greatly 
reduced  cost  compai'ed  with  the  Grove  battery  previously  used.  A 
battery  of  100  cups,  at  the  United  States  telegraph  office.  New  York, 
charged  2  Boston  lines  most  satisfactorily  for  50  days  with  the  loss  of 
53  lbs.  Suh  Cu.,  the  equivalent  of  zinc  being  14  lbs.  The  cost  of 
these  in  New  York  was  just  $10. 

The  whole  fire-alarm  telegraph  of  this  city  (Buffalo)  is  run  by 
96  cups  of  this  battery. 

I  learn  from  a  statement  of  Mr.  Wm.  A.  Sheldon,  chief  operator, 
that  30  cups  work  the  local,  62  cups  work  two  signal  circuits,  each  5 
miles  long,  and  4  cups  the  test  battery ;  all  but  the  last  four  are  kept 
closed  night  and  day.  Since  June  28th  to  17th  inst.,  50  days,  the  ex- 
penditure of  Sul.  Cu.  has  been  168  lbs.,  the  zinc  equivalent  being  42 
lbs.,  and  cost  $31.50.  The  30  lbs.  pure  copper  deposited  has  been 
saved,  which  is  certainly  worth  $12  or  $15. 

I  have  experimented  much  in  ascertaining  the  interior  resistance  of 
the  various  batteries.  I  do  this  by  the  method  desci'ibed  in  my  paper 
on  the  Anthistometer,  also  by  equations  involving  two  unknown  quanti- 
ties. 

By  Ohm's  Law, 

e  e 

—  =:  S  and  — . — ,  ^=  S',  in  which 
r  r  -|-  r 

e  =  Electi'omotive  force, 

r  =  Interior  resistance, 

r'  =  Exterior,  inserted  resistance, 

S  =  Sti-ength  of  current  in  circulation, 

S'=  Strengtli  where  r'  is  inserted. 

By  eliminating  (e)  and  reducing  the  equation  we  have, 

r'  S' 
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In  using  my  true  tangent  galvanometer  for  quantity  (whose  resist- 
ance is  so  small  that  it  need  not  be  taken  into  account),  I  note  the 
deflection  which  the  battery  gives ;  1  then  insert  some  known  resist- 
ance (r'),  say  a  wire  or  coil  of  0.2  mile,  and  note  the  reduced  deflection. 
The  tangents  of  these  two  deflections  give  S  and  S'.  "We  have  then 
the  known  quantities  r',  S  and  S',  from  which  by  the  formula  we  com- 
pute (r),  the  interior  resistance. 

The  results  obtained  by  the  two  methods  agree  almost  perfectly. 

The  interior  resistances  of  the  nitric  acid  and  the  chromic  acid  bat- 
teries, under  different  circumstances,  I  have  found  as  follows,  —  the 
circuit  being  always  kept  closed  on  a  common  local  sounder,  which 
gave  0.3  mile  exterior  resistance. 

MUe. 

1  cup  Grove's  battery  (new),  r  =: 0.047 

Same  after  running  8  hours,     "  0.068 

"         "         "         16     "         " 0.140 


1  cup  chromic  acid  battery  (new),  r  = 0.027 

Same  at  6  hours,  " ^  0.062 

"         16     "     (about  run  down),  " 0.154 

"With  Hill's  battery,  properly  attended,  (r)  ranges  from  0.15  to  0.25 
mile  (according  to  the  size  of  the  cups),  at  all  times.  The  resistance 
of  the  same  cup  scarcely  varies  0.02  mile,  from  month  to  month. 
The  unit  of  resistance  is  that  of  one  mile  No.  8  iron  wire.  The  value 
of  (r)  is  a  very  good  index  to  the  relative  constancy  and  durability  of 
the  several  batteries. 

As  to  the  cost  of  material  actually  consumed  in  running  these  sev- 
eral batteries,  I  have  some  data,  which  are  deemed  reliable,  from 
which  I  select  cases  when  the  batteries  performed  about  equal  ser- 
vice in  running  two  long  lines  each,  which  give  the  following  results, 
namely :  — 

Grove's  battery,  per  cup  per  month,      .        .         .        .        $.109 

Chromic  acid  battery  "  31^  to  35  cts. 

Hill's  battery  "  "  5^  to    6  do. 

Now  we  may  concede  that  ten  cups  of  this  last  battery  are  required 
to  perform  what  might  be  done  by  four  cups  of  either  of  the  former. 
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Wc  see  that  economy,  financially,  is  greatly  in  its  favor ;  for  the 
monthly  expense  is  not  half  that  of  the  chromic  acid,  nor  one-seventh 
that  of  Grove's.  If  many  lines  are  run  from  the  same  battery,  the 
economy  in  the  use  of  Grove's  gains  considerably  upon  the  others, 
but  never  comes  up  to  that  of  Hill's  battery. 

But  this  financial  economy  is  nothing  compared  with  the  advantage 
and  satisfaction  derived  from  so  smooth  and  constant  a  current  as  is 
given  by  Hill's  battery. 


4.     On  Petroleum.     By  Dr.  T.  Stekry  Hunt,  of  Montreal,  Can. 

[Abstract.] 

The  autlior  adverted  to  the  history  of  certain  views  relative  to  Pe- 
troleum. He  had  shown,  in  1861,  that  the  mineral  oil  of  western 
Canada  was  indigenous  in  the  coniferous  limestone ;  wells,  sunk  in 
the  outcrop  of  which  have  yielded,  and  still  yield,  oil  in  that  region, 
and,  also,  in  Kentucky,  according  to  Lesley.  At  that  time,  1861,  he 
called  attention  to  the  existence  of  petroleum  in  the  limestone  of  the 
Trenton  group,  and  had,  since  then,  in  the  "  Geology  of  Canada," 
in  1863,  insisted  upon  these  lower  silurian  oils  as  likely  to  prove  in 
some  regions  of  economic  importance,  —  a  prediction  verified  by  the 
recent  developments  in  the  lower  silurian  strata  of  the  Cumberland, 
in  Kentucky,  and  the  oil-wells  of  the  Manitoulin  Islands,  which  latter 
are  sunk  through  the  Utica  into  the  Trenton  formation.  Another  im- 
portant point,  on  which  he  had  been  the  fii'st  to  insist,  was  that  the 
accumulations,  giving  rise  to  productive  wells,  occur  along  the  lines  of 
anticlinal  folds,  where  the  oil  would  naturally  accumulate  in  fissures 
or  in  porous  strata,  in  obedience  to  well-known  hydrostatic  laws. 
This  view,  first  insisted  upon  in  a  lecture  published  in  the  Montreal 
Gazette  for  March,  1861,  was  further  developed  in  a  paper  on  pe- 
troleum in  the  Canadian  Naturalist,  for  July,  1861,  and  simultane- 
ously by  Prof.  E.  B.  Andrews,  in  Silliman's  Journal.  Since  then 
this  view,  though  greatly  opposed,  is  gaining  ground ;  and,  according 
to  Pi'of.  Andrews  and  Dr.  Newberry,  is  sustained  by  all  experience 
in  the  oil  fields  of  the  United  States,  as  it  also  is  in  Canada.  This 
remark  applies  to  large  accumulations  and  to  flowing  wells  ;  but 
oils  may  doubtless  flow  slowly  from  horizontal  strata  containing  it. 
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As  to  the  origin  of  the  petroleum,  Dr.  Hunt  supposes  that  it  is  in- 
digenous in  the  two  limestone  formations  already  mentioned,  and  that 
it  may  have  from  these  risen  and  accumulated  in  overlying  pervious 
strata  or  in  fissures  capped  or  sealed  by  impervious  beds,  such  as 
Pennsylvania  sand-rocks  or  quarternary  gravel-beds. 

He  is  inclined  to  think,  however,  that  petroleum  may  also  be  in- 
digenous in  certain  sandstones  of  Devonian  or  Carbonifei'ous  age,  and 
referred  to  Lesley's  observations  to  this  effect,  closely  agreeing  with 
those  of  Wall  and  Criiger,  in  Trinidad,  where  fossil  plants  are  some- 
times found  partly  converted  into  petroleum  and  partly  into  lignite. 
Dr.  Hunt  regards  the  process  by  which  animal  and  vegetable  hydx'o- 
carbonaceous  tissues  have  been  converted  into  solid  or  liquid  bitu- 
mens, as  a  decay  or  fermentation,  under  conditions  in  which  atmos- 
pheric oxygenation  is  secluded,  so  that  the  maximum  amount  of 
hydrogen  is  retained  by  the  carbon,  and  as  representing  one  extreme 
of  a  process,  the  other  of  which  is  found  in  anthracite  and  mineral 
charcoal ;  the  two  conditions  being  antagonistic  and  secluding  each 
other,  and  the  production  of  petroleum  implying,  when  complete,  the 
disappearance  of  the  organic  tissue.  Hence,  pyroschists  —  the  so- 
called  bituminous  shaler  and  coal  —  are  not  found  together  with  pe- 
troleum, but  in  separate  formations ;  and  it  is  to  be  borne  in  mind  that 
the  epithet,  bituminous,  applied  to  the  former  bodies,  is  a  mistaken 
one,  since  they  seldom  or  never  contain  any  bitumen  ;  although,  like 
all  fixed  organic  bodies,  they  yield  hydrocarbons  by  destructive  distilla- 
tion. The  fallacy  of  the  notion  which  ascribes  peti'oleum  to  the  action 
of  subterranean  heat  on  strata  holding  coal  and  pyroschists  was  ex- 
posed ;  and  it  was  remarked,  among  other  arguments,  founded  upon 
the  impermeability  of  many  of  the  petroleum-bearing  strata,  that  the 
oil  of  the  Trenton  limestone  occurs  below  the  horizon  of  any  pyros- 
chists or  other  hydi'o-carbonaceous  rocks. 


5.     On    the    Metallurgical    System   of  Messrs.  Whelpley 
AND  Storer.     By  Dr.  T.  Sterry  Hunt,  of  Montreal,  Canada. 

The  metallurgical  processes  i-ecently  introduced  by  Messrs.  Whelp- 
ley and  Storer,  of  Boston,  are  the  perfected  results  of  a  long  study  of 
the   chemical  and  mechanical  conditions   required  for  the  economic 
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working  of  metallic  ores.  Most  of  the  valuable  metals  generally  exist 
in  nature  combined  with  sulphur.  This  is  the  case  with  a  large  amount 
of  iron,  and  the  greater  part  of  the  copper,  lead,  zinc,  and  silver  ;  gold, 
too,  is  often  involved  in  these  sulphurets.  The  extraction  of  the  metals 
from  their  sulphurets  is,  therefore,  one  of  the  most  important  problems  of 
metallurgy.  The  common  method,  as  illustrated  in  the  case  of  the  or- 
dinary ores  of  copper,  consists  in  roastings  and  fusions,  having  for  their 
object :  ]  st.  The  separation  of  the  earthy  matters  and  the  excess  of 
sulphur  which  keeps  in  combination  with  the  copper  a  portion  of  iron ; 
2d.  The  final  elimination  of  the  sulphur  and  the  conversion  of  the  cop- 
per into  an  oxide ;  and,  3d.  The  reduction  of  the  oxide  to  the  metallic 
state.  This  series  of  operations  is  long  and  costly  from  the  large 
amount  of  fuel  consumed,  so  that  the  working  of  copper  is  generally 
confined  to  coal-producing  districts,  or  to  localities  where  the  copper 
ores  can  be  cheaply  brought  in  contact  with  coal,  fifteen  tons  of  Avliich 
are  consumed  in  Swansea  to  produce  one  ton  of  copper. 

The  chemist  in  his  laboratory  separates  copper  from  its  sulphuretted 
ores  in  a  very  simple  and  direct  manner,  by  first  converting  it  into  a 
soluble  salt,  from  which  the  pure  metal  is  precipitated  by  an  equiva- 
lent of  iron.  To  apply  this  principle  to  the  working  of  copper  ores  on 
a  great  scale  is  a  problem  which  has  engaged  the  attention  of  many 
metallurgists,  and  has  given  rise  to  various  processes  lor  obtaining  cop- 
per by  the  moist  way,  many  of  which  are  nearly  or  quite  perfect  in 
their  operation,  but  are  lacking  in  practicability  and  cheapness.  The 
sulphurets  of  copper,  zinc,  and  some  other  metals,  when  calcined,  give 
rise  to  oxides  which  readily  unite  within  certain  limits  of  temperature 
with  the  oxidized  sulphur  and  give  soluble  compounds,  while  the  sul- 
phuret  of  iron  under  similar  conditions  yields  a  peroxide  which  is  com- 
paratively indiflferent  to  acids.  The  first  condition  of  this  oxida'tion  is 
minute  subdivision,  which  being  attained  the  calcination  is  generally 
effected  in  a  reverberatory  furnace,  with  frequent  stirring  to  bring  each 
particle  of  ore  in  contact  with  atmospheric  oxygen;  and  here  come  into 
play  the  mechanical  peculiarities  of  the  new  method.  Rejecting  the 
stamps  generally  employed,  Messrs.  Whelpley  and  Storer  have  invented 
a  new  system  of  mills  for  crushing  and  pulverizing.  By  falling  upon 
a  large  circular  iron  table,  revolving  about  2,000  times  in  a  minute, 
having  hammers  bolted  to  its  surface,  and  surrounded  by  a  perforated 
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screen,  masses  of  ore  are  at  once  shattered  to  fragments,  which  are 
thi'own  out  through  the  openings  in  the  screen.  In  the  next  stage  the 
material  thus  broken  up  is  pulverized  in  an  air-mill,  where  in  a  fixed 
cylinder,  is  a  shaft  armed  with  iron  paddles,  whose  extremities  approach 
within  an  inch  or  two  of  the  periphery  of  the  cylinder,  and  are  made  to 
revolve  about  10,000  feet  in  a  minute.  The  grains  of  oi'e  falling  in 
near  the  axis  of  this  rapidly  rotating  system  are,  carried  at  once  to  the 
periphery  by  their  mutual  attrition,  speedily  reduced  to  an  impalpa- 
ble powder.  The  only  escape  for  this  is  by  the  open  axis  of  the  cylin- 
der, through  which,  by  means  of  a  fan-blower  or  aspirator  contiguous 
to  the  mill,  or  somewhat  removed,  a  current  of  air  is  drawn,  by  which 
the  fine  dust  is  removed  and  carried  to  receiving  chambers.  This 
novel  method  yields  surprising  results :  a  mill  forty-two  inches  in  di- 
ameter, moved  with  fourteen  horse-power,  will  reduce  to  impalpable 
powder  from  one  to  two  tons  per  hour  of  crushed  material,  such  as 
ox'es,  quartz,  coal,  etc.,  brittle  substances  being  more  easily  pulverized 
than  soft  and  tough  ones,  like  bones,  for  which  these  mills  are  now 
largely  employed.  They  are  also  adapted  to  the  grinding  of  drugs, 
grain,  and  other  vegetable  substances.  Besides  its  cheapness,  this 
novel  method  of  grinding  secures  a  far  greater  subdivision  than  can  be 
attained  by  stamps,  which  fits  the  particles  of  ores  for  an  instantaneous 
roasting  or  calcination  in  the  second  part  of  the  process.  This  is 
effected  in  a  tall  cylindrical  furnace,  fed  from  the  top  with  air,  and 
with  pulverized  fuel  and  ore,  and  having  at  the  bottom  a  water-tank 
to  receive  the  solid  products  of  combustion,  after  which  the  gases  pass 
through  a  series  of  chambers,  being  drawn  by  a  fan-wheel  in  a  farther 
chamber,  which  throws  the  water  into  spray,  and  thereby  greatly  fa- 
cilitates the  absorption  and  the  production  of  sulphuric  acid.  A  second 
spray»wheel  farther  on,  fed  with  milk  of  lime,  absorbs  the  remaining 
sulphurous  acid  from  the  furnace,  and  thus  prevents  the  escape  of 
noxious  vapors  from  the  furnace.  This  arrangement  also  permits,  if 
desired,  the  complete  utilization  of  the  burned  sulphur,  by  converting 
it  into  oil  of  vitriol,  by  well-known  processes.  The  furnace  is  fed  by 
a  copious  supply  of  air  from  large  fan-blowers,  and  around  its  head 
ai'e  small  fire-boxes  opening  into  the  furnace,  the  flame  from  these 
being  drawn  downward  by  the  blast.  Here  comes  into  use  an  impor- 
tant method  of  applying  fuel :  coal,  pulverized  by  the  mills  just  de- 
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scribed,  is  floated  in  the  descending  current  of  air,  and,  being  kindled  by 
the  flame  from  the  fire-boxes,  burns  with  great  energy,  producing  a 
soHd  mass  of  fire,  which  may  be  compared  to  the  oxidizing  flame  of 
the  blow-pipe,  but  is  made  either  oxidizing  or  reducing  by  varying 
the  supply  of  fuel,  and  with  an  excess  is  so  intensely  luminous  that  it 
may  perhaps  be  used  as  a  source  of  artificial  light.  This  mode  of 
using  fuel  is  also  applied  by  Messrs.  Whelpley  and  Storer  to  the  heating 
of  reverberatory  furnaces,  and  to  the  generation  of  steam,  and  seems 
full  of  promise  for  the  future  of  the  arts,  offering  a  great  economy  of 
fuel ;  inasmuch  as  it  is  direct  and  simple,  and  moreover  allows  of  the 
ready  utilization  of  waste  and  comminuted  coal,  which  is  well  adapted 
for  this  use.  When  once  heated,  however,  this  furnace  requires  but 
little  fuel ;  for  the  sulphuretted  ores,  borne  downwards  by  the  blast  of 
air,  burn  with  almost  explosive  violence  in  the  hot  atmosphere,  evolv- 
ing much  heat  by  their  own  combustion,  and  becoming  completely 
oxidized  at  the  rate  of  two  or  three  tons  an  hour.  The  calcined  dust 
falls  in  the  water  beneath,  where  the  movement  of  a  screw  propels  it 
constantly  forward.  The  water  soon  becomes  charged  with  acid  from 
the  fumes  condensed  in  the  chambers  which  are  built  over  the  tank, 
and  a  large  amount  of  copper  is  taken  into  solution,  to  be  subsequently 
separated  as  copper  of  cementation.  The  insoluble  residue,  besides 
iron-oxide  and  earthy  matters,  contains  a  portion  of  oxide  of  copper, 
which  musit  be  rendered  soluble  by  a  second  calcination,  for  a  short 
time,  at  a  low  red  heat,  in  a  reverberatory  or  muffle  furnace,  with 
certain  additions  which  render  the  whole  of  the  copper  soluble  either 
in  water  or  in  dilute  acids,  and  thus  permit  a  complete  separation  of 
tlie  metal  from  its  ores  with  a  cheapness  and  a  celerity  hitherto  un- 
attained.  These  advantages  are  chiefly  due  to  the  new  methods  of 
pulverizing  and  oxidation  embodied  in  the  mills  and  the  furnace. 
The  details  of  the  processes  employed  by  the  inventor  for  the  prep- 
aration of  spongy  metallic  iron  to  be  used  in  precipitating  the  copper, 
and  the  treatment  of  the  resulting  sulphate  of  iron,  are  matters  which, 
like  that  of  the  economy  of  the  sulphur,  would  lead  us  too  far.  The 
application  of  this  furnace  to  zinc  ores,  the  complete  conversion  of 
blende  into  soluble  sulphate  of  zinc,  its  separation  in  this  way  from 
lead,  and  the  subsequent  treatment  of  the  zinc  salts,  can  here 
only  be  alluded  to.  In  reference  to  gold  ores,  however,  the  bearings 
of  the  new  system  are  most  important.  For  gold-bearing  quartz  the 
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minute  division  of  the  mineral  effected  by  the  pulverizers  renders  the 
process  of  amalgamation  much  more  efficient.  The  particles  of  gold, 
instead  of  being  flattened  and  extenuated  as  under  the  stamps,  so  as 
to  be  readily  floated  away  on  the  water  by  simple  washing,  are 
rounded  into  pellets  by  the  same  action  which  reduces  to  dust  the 
more  brittle  gangue.  This  same  effect  might  probably  render  the 
mills  valuable  for  working  the  mixture  of  native  copper  and  rock 
found  in  the  Lake  Superior  mines,  by  reducing  the  rock  to  powder, 
while  the  copper  grains  would  accumulate  in  the  cylinder,  and  could 
be  removed  from  time  to  time. 

But  it  is  especially  for  those  ores  in  which  gold  occurs  with  larger 
amounts  of  pyrites,  or  other  sulphurets,  and  wherever  preliminary 
calcination  is  required  to  completely  decompose  and  oxidize  these, 
and  possibly  liberate  a  portion  of  chemically  combined  gold,  that  the 
new  system  will  be  found  advantageous.  Such  are  many  of  the  Col- 
orado ores,  which  contain  large  amounts  of  gold,  but  yield  only  a 
very  small  proportion  of  it  by  the  ordinary  process  of  amalgamation. 
By  the  minute  subdivision  of  such  ores,  their  rapid  and  complete  oxi- 
dation, and  the  solution  and  removal  of  the  copper  and  zinc  which 
they  often  contain,  the  gold  will  all  be  left  free  and  ready  for  amal- 
gamation, or  for  extraction  with  chloi'ine.  This  process  seems  theo- 
retically perfect,  and  will,  I  believe,  open  a  new  era  for  the  mining 
industry  of  Colorado  and  similar  mineral  regions.  This  series  of 
inventions  relating  to  the  crushing  and  pulverizing  of  materials,  the 
application  of  fuel,  and  the  treatment  of  metallic  ores,  which  the 
world  owes  to  the  genius  and  untiring  energy  of  Messrs.  Whelpley 
and  Storer,  is  capable  of  such  wide  and  varied  application,  that  it  is 
probably  destined  to  have  a  very  important  influence  on  the  industry 
of  the  world. 


6.     On  the  Primeval  Atmosphere.     By  Dr.  T.  Sterry  Hunt, 
of  Montreal,  Canada. 

Dr.  Hunt  adverted,  in  commencing,  to  a  theory,  first  put  forward  by 
him,  to  explain  the  chemical  conditions  of  our  globe.  Starting  from 
the  notion  of  an  igneous  origin,  he  had  contended,  that  the  mass  prob- 
ably commenced  cooling  at  the  centre,  and  thus  gave  rise  to  an  anhy- 
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drous  solid  nucleus,  having  a  crust  of  silicates  with  an  irregular  surface, 
while  the  chlorine,  carbon,  and  sulphur,  together  with  all  the  hydrogen 
and  tui  excess  of  oxygen,  formed  the  atmosphere.  As  cooling  from 
radiation  went  on,  the  first  precipitate  from  this  dense  atmosphei'C  must 
have  been  an  intensely  acid  litjuid,  which,  attacking  the  crust  of  sili- 
cates, separated  vast  amounts  of  silica  and  became  saturated  with  earth 
and  alkalies,  forming  the  primeval  sea.  This  condition  of  things  he 
claimed  was  in  sti'ict  accordance  with  known  chemical  laws,  and  flowed 
logically  from  the  hypothesis  of  the  igneous  origin  of  our  planet.  The 
early  ocean  should  thus  abound  in  salts  of  lime  and  magnesia,  and  this 
is  confirmed  by  the  saline  waters  from  the  paleozoic  rocks  which  rep- 
resent fossil  sea-water  of  that  ancient  period.  Dr.  Hunt  here  referred 
to  his  extended  chemical  and  physical  investigations  of  the  older  rocks, 
in  relation  to  their  mineral  springs,  in  support  of  this  view. 

The  stronger  acids  of  chlorine  and  sulphur  having  been  separated 
from  the  atmosphere,  a  decomposition  of  the  silicates  of  the  exposed 
portion  of  the  earth's  crust,  under  the  influence  of  carbonic  acid,  moist- 
ure, and  heat,  went  on,  resulting,  like  the  modern  process  of  kaoliniza- 
tion,  in  the  production  of  a  silicate  of  alumina  or  clay,  and  carbonates 
of  the  protoxide  base.  In  this  way  great  quantities  of  carbonate  of 
soda  were  formed,  which,  decomposing  the  lime  and  magnesia  salts  of 
the  sea,  gave  rise  to  the  first  limestones,  and  to  chloride  of  sodium. 
Hence  the  clays,  the  limestones,  and  the  sea  salt  were  the  joint  re- 
sults of  a  process  which  was  slowly  removing  from  the  air  its  carbonic 
acid,  and  fitting  it  for  the  support  of  higher  forms  of  life.  These  views 
of  Dr.  Hunt,  first  put  forward  in  1858  and  1859,  are  gradually  being 
received  and  appropriated  by  writers  who  do  not  always  acknowledge 
the  source  of  them.  They  are  here  insisted  upon  as  preliminary  to 
some  considerations  on  the  atmosphere  of  early  times,  when  it  must 
have  contained,  in  the  form  of  carbonic  acid,  the  whole  or  the  greater 
part  of  the  carbon  now  present  in  the  limestone  strata  of  the  earth, 
and  in  its  beds  of  fossil  coal. 

Simple  calculations  show  that  the  carbonic  acid  contained  in  a  layer 
of  pure  carbonate  of  lime  extending  over  the  earth  with  a  thickness 
of  8.61  metres  would,  if  set  free,  double  the  weight  of  our  atmosphere, 
and  that  from  13.2G  metres  (about  forty-four  feet)  would  double  its 
volume.  It,  moreover,  appears,  that  a  similar  layer  of  ordinary  coal, 
one  metre  iu  thickness,  would  suITicc  to  convert  into  carbonic  acid  the 
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whole  of  the  oxygen  of  the  atmosphere.  So  that  if,  as  is  probable, 
the  whole  amount  of  coal  and  carbonaceous  matters  in  the  earth 
exceeds  this  quantity,  there  must  have  been  an  absorption  of  the 
oxygen  set  free  during  the  conversion  of  carbonic  acid  into  coal ; 
this  oxygen  being  probably  retained  by  peroxide  of  iron.  Disre- 
garding this,  however,  and  admitting  that  the  carbonic  acid,  cor- 
responding to  a  layer  of  8.61  metres  of  limestone  (about  28  feet), 
were  present  in  our  atmosphere,  the  effects  would  be  most  remarkable. 
The  heighth  of  the  barometric  column  would  be  doubled ;  the  boiling- 
point  of  water  raised  to  121°  centigrade  (250°  F.),  and  as  the  ab- 
sorptive power  of  an  atmosphere  of  cai-bonic  acid  is,  according  to 
Tyndal,  ninety  times  that  of  dry  air,  the  temperature  of  the  lower 
regions  of  the  atmosphere  would  be  greatly  elevated,  and  the  whole 
climatic  conditions  of  the  earth  modified.  Yet,  as  the  amount  of  car- 
bonic acid  required  to  produce  these  results  is  probably  but  a  small 
proportion  of  that  now  fixed  in  the  limestones  of  the  earth's  crust, 
we  should  find  this  condition  of  things  at  a  period  geologically  not 
very  remote ;  and,  in  still  earlier  times,  the  earth  must  have  had  a  far 
denser  and  more  highly  carbonated  atmosphere  than  that  just  sup- 
posed. The  relations  of  such  a  condition  of  things  to  the  animal  and 
vegetable  world  furnish  fruitful  themes  for  conjecture  and  experiment ; 
and  its  influence  on  chemical  processes  is  not  less  worthy  of  considera- 
tion, as  a  single  instance  will  show.  Some  years  since  I  pointed  out 
that  the  explanation  of  the  almost  constant  association  of  gypsum  and 
magnesian  limestones  in  nature  was  to  be  found  in  the  fact  that 
solutions  of  bi-carbonate  of  lime  and  sulphate  of  magnesia  decompose 
each  other,  with  production  of  solutions  of  sulphate  of  lime  and  bi- 
carbonate of  magnesia.  By  spontaneous  evaporation,  the  former 
may  be  in  part  separated  as  gypsum ;  but,  as  in  this  process  the 
bi-carbonate  is  changed  into  mono-carbonate  of  magnesia,  this  par- 
tially decomposes  the  gypsum,  regenerating  carbonate  of  lime,  and 
the  results  of  the  experiment,  in  an  ordinary  atmosphere,  are  imper- 
fect. I  find,  however,  that  by  infusing  into  the  drying  atmosphere  a 
large  proportion  of  carbonic  acid,  the  separation  by  evaporation  goes 
on  regularly,  and  the  gypsum  is  deposited  in  a  pure  state,  enabling 
us  thus  to  realize  the  conditions  of  earlier  geologic  periods,  when  vast 
beds  of  gypsum,  with  their  accompanying  magnesian  limestones,  were 
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deposited  in  evaporating   basins    at  the    earth's  surface,  beneath  an 
atmosphere  charged  with  carbonic  acid. 

Ebelman  has  speculated  on  the  probable  existence  of  a  much  larger 
proportion  of  carbonic  acid  in  the  atmosphere  of  earlier  geologic  times, 
and  Dana,  Tyndal,  and  anterior  to  them  the  late  Major  E.  B.  Hunt, 
have  considered  its  meteorological  relations  ;  but  the  chemical  history 
of  this  carbonic  acid,  considered  with  reference  to  its  origin,  its  fixa- 
tion in  the  form  of  limestones,  and  its  influence  on  chemical  processes 
at  the  earth's  surface,  are  points  for  the  most  part  peculiar  to  the 
author,  and,  in  part,  now  brought  forward  for  the  first  time. 


7.  On  Cryophyllite,  a  new  Mineral  Species  of  the  Mica 
Family,  with  some  associated  Minerals  in  the  Gran- 
ite OF  RocKPORT,  Massachusetts.^  By  Prof.  Josiah  P. 
Cooke,  Jr.,  of  Cambridge,  Mass. 

The  species  of  the  Mica  family,  previously  described,  have  the 
general  formula  2RO,Si02,  and  have  an  oxygen  ratio  of  1  to  1. 
At  least,  this  may  be  regarded  as  the  normal  ratio,  for  the  micas  are 
very  variable  in  their  composition,  and  the  analyses  have  given  results 
varying  all  the  way  between  the  above  ratio,  which  is  usually  re- 
garded as  the  normal  type,  and  the  ratio  of  1  to  H,  which  has  been  the 
extreme  limit  of  variation  hitherto  observed.  The  new  mica  has  the 
general  formula  R0,Si02,  with  the  oxygen  ratio  of  1  to  2,  and  on 
this  is  based  its  distinction  as  a  new  species.  Moreover,  it  is  associ- 
ated with  a  second  mica,  belonging  to  the  species  lepidomelane,  of  the 
normal  type,  and  the  common  mica  of  the  granite  rock  of  the  region. 
Further,  the  lepidomelane  of  Rockport,  altliougli  perfectly  identiiied  by 
its  mineralogical  characters,  varies  in  its  composition  from  the  well- 
known  normal  type,  and  this  variation  may  be  traced  to  an  admixture 
of  cryophyllite.  Lastly,  cryophyllite  and  lepidomelane  are  isomor- 
phous,  and  the  admixture  of  the  two  is  an  example  of  isomorphous 


1  This  paper  iias  been  published  in  full  in  the  American  Journal  of  Science  and 
Alls,  Vol.  XLIII.,  Mareli,  1807.     Only  an  abstract  ia  ^ivcn  here. 
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mixtures,  studied  by  Rammelsberg  and  others,  in  the  case  of  artificial 
salts. 

Cryophyllite  crystallizes  in  six-sided  prisms  with  a  highly  perfect 
basal  clearage,  and  yielding  thin,  flexible,  and  ti-ansparent  laminas, 
whicli,  when  examined  with  a  polarizing  microscope,  give  a  biaxal 
image,  the  angle  between  the  optical  axis  varying  fx-om  55'^  to  GO*. 
The  crystals  are  trimetric,  as  shown  both  by  the  symmeti-y  of  the  bi- 
axal image  and  the  mode  of  twinning.  The  color  of  the  lamina?  is 
dull  emerald-green,  like  bottle  glass,  but  the  crystals  are  diehrous,  and 
appear  brownish-red  in  the  direction  of  the  lateral  axis.  Streak  light- 
gray,  with  only  a  tint  of  green.  Lustre  brilliant,  inclining  to  resinous 
or  clearage  face.  Hardness  2  to  2.5.  Sp.  Gr.  2.909.  Before  the 
blow-pipe  very  easily  fuses,  with  some  intumescence,  to  a  gi'ayish 
enamel  bead,  imparting  to  the  flame  a  brilliant  lithia  reaction,  and 
even  fuses  in  flakes  of  considerable  size  in  the  flame  of  a  candle ;  hence 
the  name  after  the  analogy  of  cryolite. 

Of  the  analyses  given  in  the  following  table,  1  and  2  were  made  in 
the  usual  way,  but  3,  4,  and  5,  were  made  by  a  method  described 
in  the  original  paper  above  referred  to,  which  gave  primarily  the 
amount  of  fluoride  of  silicon,  but  also  incidentally  the  amount  of  silica 
and  the  sum  of  the  weights  of  all  the  bases  present,  which  furnishes 
an  important  test  of  the  accuracy  of  the  first  two  analyses. 

Analysis  of  Oryophyllite  from  RocTcport. 


1. 

2. 

3.         4. 

5. 

Mean. 

Oxygen. 

Silica, 

51.53 

51.54     51.65  51.37 

51.36 

51.49 

27.46 

Fluoride  of  silicon, 

3.29     3.34 

3.62 

3.42 

1.06= 

=28.52 

Alumina, 

16.76 

16.77' 

16.77 

7.82 

Sesquioxide  of  mang. 

0.33 

0.35 

0.34 

0.10 

Sesquioxide  of  iron, 

2.00 

1.94 

1.97 

0.59= 

=  S.51 

Protoxide  of  iron, 

8.00 

7.96 

7.98 

1.76 

Magnesia, 

0.76 

■45.06  45.29 

45.02 

0.76 

0.30 

Potassa, 

13.14 

13,16 

13.15 

2.23 

Lithia, 

4.05 

4.06 

4.06 

2.16= 

=  6.45 

Soda, 

trace. 

trace. 

Rubidia, 

C( 

■ 

" 

14.96 

99.94 

Oxygen  ratio. 

14.96  :  28.52 

14.26 

:  28.52=1   : 

2. 
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Lepidojnelane  has  the  same  crystalline  form  as  cryophyllite,  which 
it  resembles  so  closely  in  crystalline  characters  and  outward  appear- 
ance, that  it  is  not  easy  to  distinguish  the  two  by  the  eye  alone.  The 
clearage  is  basal  and  perfect,  but  not  so  eminent  as  in  most  micas,  and 
the  folia?  are  not  at  all  or  only  slightly  elastic.  Color  black,  and  streak 
dark-green.  Laminaj  opaque,  unless  very  thin.  Lustre  very  bril- 
liant, inclining  to  resinous  on  clearage  face.  Hardness  3.  Sp.  Gr. 
3.169.  Before  blow-pipe  it  fuses  to  a  black  enamel  bead,  which  is 
highly  magj^ietic,  the  fusibility  being  about  that  of  iron  garnet.  Heated 
in  closed  tube  gives  off  watei',  and  its  green  color  changes  to  pinchbeck 
brown. 

Analysis  of  Rockport  Lepidomelane. 

1.  2.  3.         4.  5.         6.         7.        8.       Mean.  Oxygen. 

Silicia,  39..50  39.49     39.79  39.43 39.55  21.09 

Fluoride  of  silicon,  0.62 0.62    0.19=21-28 

Alumina,  16.72    16.41  16.90  16.87 16.73  7.81 

Sesquiox.  of  mang.  0.63    0.58     0.59 0.60  0.18 

Sesquiox.of  iron, 12.21  12.01  11.98  12.07  3.62 

Protox.  of  iron, 17.57  17.47  17.41  17.48  3.88 

Magnesia, 0.64     0.59 • 0.62  0.25 

Potassa, 10.68  10.63 10.66  1.81 

Lithia,  0.60    0.57 0.59  0.32 

Soda,  trace.  

Rubidia,  "  

Water,  1.55     1.40    1.52     1.52     1.54     1.50  1.33=19.20 


100.42 
Oxygen  ratio,  19.20  :  21.28. 

After  an  examination  of  the  results  of  the  above  analysis,  no  one  can 
doubt  that  the  true  oxygen  ratio  of  the  mineral  is  1  :  1,  and  that 
the  general  formula  is  2RO,Si02  or  2(^r''.  | -R-)3Si.  This  is  not 
only  the*nearest  probable  formula,  but  moreover  it  harmonizes  with 
the  well  established  formula?  of  allied  species  and  with  the  results  of 
Soltmann's  analysis  of  lepidomelane,  a  mineral  which  our  Rockport 
mica  resembles  most  closely  in  all  its  characters.  Nevertheless  the 
discrepancy  between  the  actual  and  the  probable  ratio  is  very  great, 
and  cannot  possibly  be  referred  to  impure  material  or  imperfect  pro- 
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cesses.  Here,  then,  are  the  same  unsatisfactory  resuUs,  which  have 
been  obtained  again  and  again  in  the  analyses  of  the  micas,  and  have 
made  it  so  difficuk  to  reduce  to  order  this  important  family  of  minerals. 
Fortunately  we  find  at  the  Rockport  locality  what  I  believe  to  be  the 
clew  to  the  whole  mystery.  The  common  mica  of  the  granite  is  there 
associated  with  a  second  mica  containing  twice  as  much  silica,  but  still 
perfectly  isomorphous  with  it  in  crystalline  form.  Now,  if  two  iso- 
morphous  salts  crystallize  together  from  the  same  solution,  we  obtain 
crystals  which  are  mixtures  of  the  two  in  definite  proportions,  the  pro- 
portions'depending  chiefly  on  the  relative  quantity  of  each  which  may 
be  present;  but  also  at  times  on  other  conditions  less  accurately  de- 
termined.-^ When  the  sedimentary  rocks  were  undergoing  the  meta- 
morphism  which  converted  them  into  the  granite  ledges  of  Rockport, 
or  when  by  any  other  means  this  granite  was  formed,  the  two  isomor- 
phous micas,  described  in  this  paper,  did  actually  crystallize  together, 
for  so  we  find  them  ;  and  it  is  reasonable  to  suppose  that  the  same 
results  followed  in  the  one  case  as  in  the  other,  and  that  the  mica  of 
the  Rockport  granite  is  an  isomorphous  mixture  of  these  two  distinct 
species.  This  conclusion,  moreover,  is  favored  by  the  fact  that  lepi- 
domelane  — the  species  to  which  this  mica  undoubtedly  belongs  —  con- 
tains in  other  localities  neithef  lithia  nor  fluorine  ;  while,  on  the  other 
hand,  these  same  ingredients  are  strikingly  characteristic  of  the  lepido- 
lite  micas,  to  which  cryophyllite  is  allied.  Assuming,  then,  that  the 
lithia  and  fluorine  in  the  analyses  belong  to  the  cryophyllite  and  not 
to  the  lepidomelane,  we  have  endeavored  in  the  following  table  to 
eliminate  this  disturbing  element  from  our  results.  Thus,  in  column  1 
we  have  repeated  the  mean  result  of  our  analyses.  In  column  2  we 
have  the  amounts  of  the  several  ingredients  of  cryophyllite  corre- 
sponding to  0.59  per  cent,  of  lithia,  deduced  from  the  analyses  of  this 
ijiineral  given  above.  Substracting  these  quantities  from  those  in  the 
first  column  we  have  the  numbers  in  the  third  column.  In  column  4 
we  have  reduced  the  same  to  a  percentage  composition,  and  these 
numbers,  according  to  our  theory,  represent  the  true  composition  of 
the  Rockport  lepidomelane.  In  column  5  we  have  placed  for  com- 
parison the  analysis  of  lepidomelane  by  Soltmann. 

^  See  Rammelsbcrg's  important  paper  on  this  subject,  Pogg.  Ann.,  xci.  321. 
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Reduction  of  Analyses  of  Lepidomelane. 

1.         2.         3..        4.        Oxygen.  5.     Oxygen. 

Silica,  39.55  7.48  32.07  37.39  ....=19.94  37.40  =19.94 

Fluoride  of  silica,  0.G2  0.50 

Alumina,  16.73  2.44  14.29  16.66  7.78  11.60  5.42 

Sesquiox.  of  manganese,    0.60  0.05     0.55     0.64  0.19 

Sesquiox.  of  iron,  12.07  0.29  11.78    13.74  4.12  27.66  8.29 

Protoxide  of  iron,  17.48  1.16  16.32  19.03  4.23  12.43   2.76 

Magnesia,  0.62  0.11     0.51     0.59  0.24  0.26  0.10 

Potaasa,  10.66  1.91     8.75 10.20  1-73  9.20  1-61 

Lithiia,  0.59  0.59     

Water,  1.50 1.50      1.75  1.56=19.85    0.60  0.53=18.71 


100.00  99.15 

Oxygen  ratio,  19.85  :  19.94  =  1:1. 
General  formula,  2R0,  Si02.     Probable  rational  formula,  2  (^  rs,  ^^-ii-)  3Si. 

The  result  of  our  calculation,  as  will  be  seen,  is  most  satisfactory  ; 
for  not  only  is  the  oxygen  ratio  thus  obtained  exact,  but  also  the  num- 
bers agree  very  closely  with  those  of  Soltraann,  the  only  apparent  dis- 
crepancies disappearing  when  the  sum  of  the  alumina  and  the  oxides 
of  iron  and  manganese  are  compared  together  in  the  two  analyses,  and 
the  difference  in  the  distribution  of  the  iron  between  the  two  oxides 
being  unimportant  if  we  assume  with  many  mineralogists  that  these 
oxides  may  replace  each  other. 

The  facts  advanced  in  this  paper  seem  to  show  quite  conclusively 
that  the  variation  in  composition  of  the  Rockport  lepidomelane  from 
the  normal  type  is  caused  by  the  admixture  of  a  second  isomorphous 
mica  with  a  higher  oxygen  ratio,  which  we  have  called  cryophyllite, 
and  this  being  the  case  we  may  expect  to  find  that  similar  variations 
in  the  composition  of  other  micas  are  due  to  a  similar  cause,  and  it  will 
therefore  be  interesting  to  search  for  the  disturbing  element  at  the 
various  localities.  Such  an  examination  will  be  likely  to  reveal  either 
the  presence  of  cryophyllite  itself  or  else  of  some  new  species  analo- 
gous to  it ;  and,  if  the  Rockport  locality  is  any  guide,  such  minerals 
are  more  likely  to  be  found  in  fcldspathic  veins  or  nodu'es  of  the 
granite,  rather  tiian  uniformly  diffused  through  the  rock  itself  It  is  a 
fact  worthy  of  notice,  and  which  is  (juite  evident  from  the  above 
analyses,  that  the  proportions  in  wliieli  cryophyllite  is  mixed  with 
lepidomelane  are  quite  constant  in  all  the  specimen.^  analyzed  ;  and 
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this  again  is  wholly  in  accordance  with  the  well  known  facts  which 
hove  been  developed  by  Rammelsberg  and  others  in  regard  to  the 
crystallization  of  isoraorphous  salts  when  mixed  together  in  the  same 
solution.  It  appears  from  these  investigations  that  isomorphous  salts 
do  not  necessarily  crystallize  together  in  every  proportion,  but  that,  in 
most  cases  at  least,  any  two  given  salts  have,  so  to  speak,  a  definite 
capacity  for  each  other,  and  that  when  the  point  of  saturation  is  passed, 
pure  crystals  of  the  salt  in  excess  may  be  deposited  in  direct  contact 
with  those  which  are  mixtures  of  the  two.  Such  experiments  furnish 
an  exact  counterpart  of  the  conditions  which  we  actually  realize  in  the 
Rockport  granite. 

With  the  two  micas  described  in  this  paper  there  are  also  associated 
at  Rockport,  Orthoclase,  which  is  frequently  colored  green,  Albite,  and 
a  peculiar  variety  of  altered  Zircon,  distinguished  by  the  strong  curva- 
ture of  the  pyramidal  faces.  Of  the  last  a  complete  analysis  has  not 
yet  been  made,  but  it  closely  resembles  in  its  mineralogical  characters 
the  Malacone  of  Scheerer. 
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I.    GEOLOGY. 


1.  On  the  Ice  Movements  op  the  Glacial  Era  in  the  Val- 
ley OF  THE  St.  Lawrence,  By  Col.  Charles  Whit- 
tlesey, of  Cleveland,  Ohio. 

In  an  article  which  will  appear  in  the  "  Smithsonian  Contributions  " 
to  Science,  I  have  treated  of  the  drift-period  in  a  descriptive  way. 
The  rules  of  publication  adopted  by  the  Smithsonian  Institution  pre- 
clude theoretical  discussions  upon  the  subjects  which  appear  in  their 
volumes,  and  I  take  this  op[  ortunity  to  complete  the  expression  of  my 
views  upon  the  ice-period. 

For  the  principal  facts  I  refer  to  the  forthcoming  number  of  the 
"  Contributions."  It  is  necessary,  however,  to  repeat  some  of  them. 
From  the  easterly  part  of  Lake  Ontario,  along  thj  waters  of  the  upper 
lakes,  as  far  as  the  Lake  of  the  Woods,  the  drift  materials  are  of  fresh- 
water origin. 

The  evidence  on  this  point  is  all  in  one  direction,  without  anything 
to  lead  to  doubts.  All  the  shells  hitherto  described  are  of  fresh-water 
growth,  or  are  land  shells,  or  amphibious.  The  formation  consists  of 
three  members,  not  always  very  distinct,  but  traceable  on  close  exami- 
nation. In  many  instances  only  one  member  exists;  but  where  there 
are  two,  or  more,  they  always  occur  in  the  same  order.  Beginning  at 
the  surface  of  the  indurated  rocks,  as  a  base,  and  reckoning  upwards, 
they  are  found  as  follows :  — 
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1st.  Blue  mottled  and  red  laminated  marly  clay,  thickness  some- 
times only  a  few  feet,  increasing  to  500  and  600  feet,  filling  the  lake 
basins,  and  rising  several  hundred  feet  above  their  surfaces. 

2«k  Coarse  water-washed  sand  and  gravel,  in  beds  of  small  extent 
locally,  passing  into  compact  "  hardpan,"  not  stratified. 

3d.  Coarse  boulder  drift,  frequently  in  layers  of  limited  extent,  and 
occupying  the  highest  summits  in  the  country.  In  all  these  members 
there  are  pebbles,  which  are  transported,  but  mingled  with  those  be- 
longing to  the  underlying  rocks. 

As  we  rise  in  the  series,  the  size  of  the  pebbles  increases,  and  also 
their  number,  and  the  proportion  of  fine  materials  decreases.  Large 
boulders  are  rare  in  members  No.  1  and  2,  but  when  found  they 
belong  to  the  same  rocks  as  those  in  No.  3.  The  upper  member 
(No.  3)  is  constituted  principally  of  coarse  gravel,  stones,  and  bould- 
ers. There  is  generally  earth  mingled  with  the  coarse  materials,  but 
on  the  highlands  adjacent  to  Lake  Superior  there  are  frequently  seen 
tracts  of  boulders,  without  soil  or  gravel,  embracing  several  square 
miles,  and  of  great  thickness.  The  middle  member  (No.  2)  is  due  to  a 
transition  state  from  the  laminated  clay  to  the  boulder  masses.  Here 
the  beds  of  clay  and  sand  alternate  in  limited  bauds,  which  taper  out  in 
all  directions.  In  all  the  members  there  are  found  the  leaves,  branches, 
and  trunks  of  trees,  most  of  which  are  northern  evergreens. 

They  are  not  mineralized,  and  in  general  not  entirely  rotten,  some- 
times quite  hard  and  sound.  Where  there  arp  patches  of  leaves  and 
sticks  in  the  clayey  portion,  they  are  sometimes  carbonized  and 
brought  to  a  state  resembling  lignite,  communicating  a  dark  color  to 
the  mass.  The  branches  and  trunks  of  trees  are  occasionally  satu- 
rated with  sulphate  of  iron,  filling  the  pores  and  interstices.  Teeth 
and  grinders  of  the  elephant,  mastodon,  and  horse  are  found  in  the 
two  upper  members,  and  in  the  alluvion,  which  rests  upon  them ; 
showing  that  these  animals  existed  here  prior  to  the  drift  era,  and 
survived  after  it  had  passed. 

Boulders  are  everywhere  more  numerous  upon  the  surface  than 
they  are  below  it,  owing  to  the  degradation  of  the  soil,  by  long  expos- 
ure to  the  effects  of  rain  and  drainage. 

Terraces  are  universal.  They  are  more  bold  and  steep  in  the  up- 
per or  boulder  member  (No.  3),  but  characterize  them  all.  Parallel 
ridges  of  sand  and  gravel  are  generally  due  to  a  modification  of  the 
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drift  during  the  changes  which  occurred  toward  the  close  of  the  ice- 
period.     Osars  are  of  the  same  origin. 

On  the  height  of  land  south  of  Lake  Erie  there  are  in  the  upper 
member  numerous  depressions  like  hillocks  or  osars  reversed,  which  I 
have  designated  as  "drift  cavities."  As  we  proceed  northward  and 
westward  these  cavities  are  more  marked  and  abrupt.  Along  the 
highland  west  of  Lake  Michigan  they  are  as  steep  as  the  earth  and 
gravel  will  stand,  and  are  called  "  potash  kettles."  They  exist  along 
the  sources  of  the  streams,  at  an  elevation  of  300  to  500  feet  above 
the  lake,  from  the  south  boundary  of  Wisconsin  to  the  sources  of  the 
Oconto  river.  I  have  observed  them  also  to  the  north-west  of  Lake 
Superior.  There  are  places  where  the  total  thickness  of  the  drift  for- 
mation reaches  800  to  1000  feet ;  but  there  is  no  uniformity  in  the 
thickness  of  the  different  members.  The  elevation  of  the  most 
prominent  drift  summits  is  very  nearly  uniform,  ranging  from  1200  to 
1600  feet  above  the  ocean.  But  the  most  interesting  phenomena  con- 
nected with  the  superficial  deposits  is  the  universal  presence  of  striiB, 
grooves,  hollows,  and  warped  surfaces,  wrought  upon  the  indurated 
rocks  beneath. 

Throughout  the  entire  Lake  Country,  wherever  the  rocks  are  capa- 
ble of  resisting  the  action  of  w^ater  and  the  atmosphere,  they  are  worn 
smooth  by  some  resistless  mechanical  force.  On  the  very  imperish- 
able beds,  like  quartz,  magnetic  iron,  and  trap,  the  lines  are  still  fresh 
and  sharply  cut ;  some  of  them  very  fine,  like  the  work  of  a  graver. 

In  places  there  are  long  parallel  troughs,  from  an  inch  or  two  to 
eight  and  ten  inches  deep.  The  compact  limestone  strata  are  polished, 
as  though  they  had  been  subject  to  the  worker  in  marble,  only  there  are 
some  scratches  not  obliterated.  Hard,  rocky  projections  are  rounded 
off  into  domes,  which  are  smooth,  with  parallel  and  curved  lines  en- 
graved on  them.  The  low  rocky  islets,  which  barely  rise  above  water 
level,  and  the  highest  summits  are  shapen  into  the  same  form,  by  the 
same  agents.  I  have  constructed  an  outline  map  of  the  Lake  Country 
with  a  view  to  exhibit  the  extent  and  the  parallelism  of  these  lines. 
[See  author's  map  of  the  Lake  Country.] 

In  addition  to  my  observations  upon  the  bearing  of  these  striae,  I  have 
resorted  to  the  reports  of  surveys  in  the  adjacent  States  and  Canada. 
Most  of  the  arrows  are  fixed  by  using  the  average  of  several  measure- 
ments within  a  space  selected  arbitrarily.     This  average  was  deter- 
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luined  by  selecting  a  tract,  of  the  size  of  a  county  or  more,  where  the 
bearings  lie  within  the  same  quadrant ;  adding  them  together,  and  thus 
obtaining  an  approximate  mean.  It  is  impracticable  to  put  each  obser- 
vation upon  a  map  of  reasonable  size. 

The  direction  of  the  aiTows  shows  a  remarkable  uniformity  in  the 
direction  of  the  glacial  movement.  It  was  almost  everywhere  from 
north  to  south.  In  the  Eastern  States,  where  the  mountains  rise  to 
5000  and  6000  feet  above  ocean  level,  it  was  modified  by  them,  acting 
as  obstructions,  and  turned  aside  into  the  valleys.  Thus,  in  the  State 
of  Maine  the  general  course  coincides  with  the  valley  of  the  Kennebec, 
and  in  Massachusetts  with  that  of  the  Cohnecticut. 

In  the  basin  of  Lake  Champlain  it  was  not  uniform.  One  group  of 
lines  in  the  neighborhood  of  this  lake  agrees  with  the  resultant  lines 
along  the  Hudson  river,  all  following  the  course  of  the  great  valley 
which  extends  from  the  St.  Lawrence,  southerly,  to  the  ocean  at  New 
Yox'k.  On  the  highlands  of  Vermont  and  north-western  Massachusetts 
the  general  bearing  is  more  to  the  east,  crossing  the  ranges  of  moun- 
tains. 

I  am  not  advised  of  glacial  etchings  upon  the  mountains  of  New 
England  and  New  York  at  a  greater  elevation  than  3000  feet.  The 
Adirondacks  aie  the  counterpart  of  the  mountains  of  New  Hampshire 
and  Vermont,  rising  to  about  the  same  elevation,  and  causing  local 
changes  of  direction  in  the  progress  of  the  ice-mass. 

The  same  general  topographical  features  must  have  characterized 
the  northern  part  of  the  United  States  during  the  drift  era  as  at  present. 
If  that  period  should  return,  and  the  country  should  be  again  en- 
veloped with  a  covering  of  ice  and  neve,  rising  to  a  height  of  2000 
and  3000  feet,  it  would  meet  with  the  same  obstructions  and  be  turned 
into  the  same  valleys. 

On  the  north  of  the  St.  Lawrence  the  mountains  do  not  attain  the 
height  of  the  New  England  ranges,  and  the  movement  would  not  meet 
with  sufficient  obstacles  to  change  its  course  materially.  It  is  the 
same  throughout  the  country  farther  west,  to  the  lower  ranges  of  the 
Rocky  Mountains.  The  highest  land  at  the  sources  of  the  streams 
around  Lake  Superior  is,  less  than  2000  feet  above  tide.  At  the 
sources  of  the  Mississippi  it  nowhere  exceeds  1700  feet. 

Throughout  Michigan,  Wisconsin,  and  Iowa,  there  is  very  little 
land  where  the  most  elevated  point  exceeds  1200  feet.    After  passing 


GEOLOGY,  47 

the  northern  end  of  the  Alleghanies,  near  the  southern  boundary  %f 
New  York,  there  are  no  obstructions  which  a  glacier  of  2000  feet  in 
thickness  might  not  override  till  it  should  pass  the  Mississippi  river 
500  to  600  miles.  I  accept  the  explanations  of  Agassiz  and  Desor, 
derived  from  their  observations  on  the  Alps,  and  of  Drs.  Hayes  and 
Kink,  in  Greenland,  as  sufficient  in  reference  to  the  fact  of  movement 
in  all  fields  of  ice  and  neve.  This  motion  is  always  towards  the  point 
of  least  resistance. 

When  the  fact  of  a  glacial  era  in  North  America  is  established,  these 
observations  determine  the  fact  of  motion  throughout  the  entire  mass. 
The  ice-etchings  are  found  to  have  a  southern  limit,  and  this  corre 
sponds  with  the  southern  limit  of  the  boulders  or  errated  rocks. 

This  southern  boundary  of  the  ice-field  is  somewhat  irregular,  but 
its  general  course  in  the  Mississippi  valley  is  like  that  of  the  isother- 
mal lines,  north-westerly  and  south-easterly,  bearing  to  the  north  as  one 
proceeds  westward.  If  the  poles  of  the  earth  then  held  the  same  po- 
sition as  now,  the  parallels  of  equal  temperature  should  have  been  ob- 
lique to  the  meridian,  as  they  are  at  present. 

In  Greenland,  the  sea,  by  its  higher  temperature  along  the  coast- 
line, dissolves  the  outer  edge  of  that  continental  field  of  ice.  In  this 
direction  there  is  less  resistance  to  the  expansion  of  the*  mass,  and  mo- 
tion is  the  result. 

During  the  ice-period  in  the  valley  of  the  St.  Lawrence  the  ocean 
performed  the  same  office  as  it  does  in  Greenland  now.  If  a  line  is 
drawn  from  north-east  to  south-west  through  the  southerly  part  of  Lake 
Huron,  in  the  country  easterly  of  such  a  line  the  general  course  of  the 
striae  is  to  the  south-east  or  east  of  south. 

This  was  not  caused  by  a  central  chain  of  elevated  land,  from  which 
the  icy  mass  descended  by  gravity ;  for,  unless  there  have  been  changes 
of  level,  the  highest  land  was  between  the  St.  Lawrence  and  the  sea. 
The  north-easterly  line  through  Lake  Huron,  along  which  the  direction 
of  the  striai  changes  from  south-westerly  to  south-easterly,  passes  over  a 
country  lower  than  the  New  England  mountains.  It  is  also  nearly 
parallel  to  the  sea-coast  opposite.  If  the  ancient  coast  conformed  in 
its  general  bearing  with  the  present,  we  may  thus  account  for  a  move- 
ment which  should  be  approximately  at  right  angles  to  it.  It  was,  of 
course,  modified  by  the  contour  of  the  country,  the  mass,  of  necessity, 
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s6ttling  into  the  lowest  grounds,  and  following  the  long  axis  of  the  de- 
pressions. 

There  might  even  be  two  movements  over  the  same  space  at  the 
same  time,  as  there  is  in  the  progress  of  clouds,  at  different  elevations, 
carried  in  different  directions.  For  this  reason,  the  course  of  the  drift- 
grooves  and  strias  on  the  summits  of  mountains  is  a  better  index  of 
the  general  bearing  of  the  glacial  motion  than  those  in  the  valleys. 

Then,  the  dissolving  edge  of  the  ice-fields  in  the  interior,  instead  of 
being  at  the  level  of  the  sea,  as  in  the  case  of  Greenland,  was  almost 
on  the  banks  of  the  Ohio.  Motion  arising  from  the  same  causes 
would  be  at  right  angles  to  the  line  along  which  the  ice  was  most 
rapidly  disappearing.  The  mass  in  the  rear  remained  more  and  more 
solid,  according  to  its  distance  from  the  thawing  edges,  which  must  be 
on  the^  side  of  the  equator. 

This  vast  field,  extending  from  latitude  40°  and  42°  north,  acted  as 
a  central  mountain,  from  which,  if  there  was  any  movement,  it  must 
be  southerly.  So  far  as  we  have  the  bearing  of  the  drift  strise,  they 
have  a  direction  which  seldom  varies  thirty  degrees  from  the  me- 
ridian. 

On  the  upper  lakes,  the  departures  from  a  south-westerly  course 
can,  in  most  cases,  be  seen  to  be  due  to  local  causes.  I  have  indi- 
cated these  irregularities  by  arrows  that  are  shorter  than  those  which 
Doint  south-westerly,  and  it  can  be  seen  that  the  south-easterly  lines 
are  exceptional. 

Along  the  Keweenaw  range  of  Lake  Superior  the  striae  have  on  the 
summits  a  close  parallelism  among  themselves  and  with  those  on  Isle 
Royal  and  the  Iron  mountains  of  Mai-quette,  bearing  south  30°  to  40° 
west.  But  in  the  gorges  which  break  the  Ranges,  they  are  north  and 
south,  south  by  east,  and  even  south-east. 

Local  variations  are  also  to  be  expected,  if  we  admit  of  different 
rates  of  motion.  If  one  part  of  the  field  progressed  faster  than  an- 
other, there  must  have  been  lateral  movements.  Where  a  thick  and 
solid  mass,  covering  an  area  equal  to  a  county  or  a  State,  should 
intrude  into  a  field  less  solid  and  moving  more  slowly,  it  must  neces- 
sarily push  some  part  of  it  aside  and  produce  cross  strite. 

As  a  whole,  however,  the  movement  over  the  country  surrounding 
Lake  Superior,  and  as  low  down  as  the  middle  of  Lakes  Michigan  and 
Huron,  was  south-westerly.     It  was  also  nearly  at  right  angles  to  the 
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line  in  the  Mississippi  valley,  which  indicates  the  southern  limit  of"  tlie 
erratic,  boulders  and  the  drift  strife.  Taking  out  the  cases  where  the 
direction  of  the  diluvial  grooves  is  modified  by  valleys,  gorges,  and 
mountains,  their  general  bearing  is  also  nearly  at  right  angles  to  the 
isothermal  lines  of  that  part  of  the  continent. 

I  conceive  it  is  to  this  we  should  attribute  their  change  of  di- 
rection from  south-easterly  to  south-westerly  in  the  interior.  Judging 
by  the  boulders,  the  southern  edge  of  the  ice-field,  on  the  west,  ex- 
tended from  near  Dayton,  Ohio,  in  a  north-westerly  course,  to  and  past 
Dubuque  in  Iowa.  Here,  climate  produced  the  same  effects  as  the 
warmth  of  the  sea.  No  icebergs  could  break  off  and  float  away  as 
they  would  upon  a  coast,  but  the  rays  of  the  sun  and  a  warm  land 
atmosphere  coming  from  the  equatorial  regions  were  sufficient  to  waste 
away  the  mass.  Large  quantities  of  fresh  water  would  thus  be  pro- 
duced, with  currents  sufficient  to  move  and  sort  the  earthy  materials 
brought  forward  from  the  north. 

As  the  encroachment  of  the  ice,  in  the  commencement  of  the  glacial 
era,  must  have  been  very  gradual,  so  must  its  disappearance  have  occu- 
pied a  long  period.  Both  of  them  may  be  regarded  as  geological  epochs. 
There  must  have  been  abundant  time,  during  the  withdi-awal  of  the 
universal  glacier,  for  a  partial  rearrangement  of  the  loose  materials. 
The  present  valleys  must  have  existed  prior  to  and  during  this  era, 
but  much  modified  at  its  close. 

Fresh-water  shells  came  into  being.  Timber  which  had  existed 
prior  to  the  era  of  cold  would  not  decay  while  the  temperature  was  so 
low,  and  seeds  of  preglacial  plants  might  also  be  preserved.  Such 
animals  as  did  not  perish  retreated  southerly,  and  when  the  surface  of 
the  earth  again  became  habitable,  they  resumed  their  old  haunts.  The 
disappearance  of  the  horse,  mastodon,  and  elephant  is  due  to  other 
causes  than  the  cold  of  the  ice-period.  Along  the  reti*eating  edges  of 
the  field,  the  morasses,  cavities,  and  terraces  could  be  produced  by  the 
combined  action  of  moving  ice  and  currents  of  water. 

In  regard  to  the  cavities  in  Ohio,  "Wisconsin,  and  Minnesota,  the 
first  impression  upon  viewing  them  is,  that  patches  of  ice  were  en- 
closed in  earth,  which  afterwards,  by  thawing  out,  left  the  surface  in 
the  form  of  great  pits,  with  a  narrow  rim  between  them.  While  it 
was  disappearing  the  ice-mass  would  present,  in  the  interior,  a  sloping 
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and  not  a  mural  front,  giving  a  greater  southerly  slope  to  th§  surface 
than  it  now  possesses. 

This  would  facilitate  the  local  southerly  flow  of  water,  which  other- 
wise, in  a  country  so  nearly  level,  would  be  very  slow.  From  the 
source  to  the  mouth  of  the  Mississippi,  it  is  less  than  one  foot  in  a 
mile. 

The  highest  land  along  the  line  of  dissolution  should  reappear  first. 
Ridges  of  300  to  500  feet  elevation  might  thus  be  bare,  while  there 
were  around  the  base  and  sides  ice-masses  still  being  pushed  along  to- 
wards the  south.  There  are  high  terraces,  particularly  those  composed 
of  large  boulders,  which  suggest  the  idea  of  such  a  state  of  things. 

I  attempt  no  explanation  of  the  singular  fact,  that  the  fossils  of  the 
drift,  from  the  easterly  part  of  Lake  Ontario  to  the  ocean  and  beneath 
it,  are  of  marine  and  not  fresh-water  origin.  Sir  Charles  Lyell  found 
them  near  Montreal,  at  an  elevation  nearly  equal  to  that  of  Lake  Erie. 
They  are  abundant  at  Ogdensburg  and  on  Lake  Champlain,  in  the  drift 
clays  almost  on  a  level  with  Lake  Ontario. 

There  is  no  evidence  of  a  rise  in  the  land  along  the  lower  St.  Law- 
rence, and  the  valley  of  the  Hudson  since  the  ice-period.  How  mai'ine 
and  fresh- water  shells  should  occupy  the  same  horizon,  without  changes 
of  level,  is  a  question  of  interest  for  discussion.  No  present  barrier 
exists  between  the  fresh  and  salt  water  shells.  An  uniform  settling  of 
the  land,  so  as  to  bring  the  summit  of  Montreal  mountain  to  the  surface 
of  the  sea,  would  let  it  into  Lake  Superior. 


2.  On   the    Laurentian  Limestones   and   their  Mineralogy. 
By  Dr.  J.  Sterry  Hunt,  F.  R.  S. 

[Abstract.]  t 

The  author  alluded  to  the  existence,  in  the  Lower  Laurentian  sys- 
tem, of  three  limestone  bands,  or  formations,  of  great  but  variable 
thickness,  which  might  fairly  be  compared  with  the  great  limestone 
groups  of  the  North  American  palaeozoic  system.  In  addition  to  these, 
there  is  probably  a  fourth  and  newer  limestone  formation  belonging  to 
the  Lower  or  true  Laurentian,  besides  one  or  more  in  the  unconform- 
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able  overlying  Labradoi'  series,  or  Upper  Laurentian.  The  three 
limestone  formations  fii'st  named  are  separated  by  great  masses  of 
gneissic  and  quartz  ore  strata,  and  are  intimately  associated  with  beds 
in  which  silicates  of  lime  and  magnesia  prevail,  together  with  graphite 
and  various  metallic  ores.  The  minerals  associated  with  these  lime- 
stones and  their  accompanying  strata  were  next  considered,  and  it 
was  shown  that  they  occur  both  disseminated  in  the  beds  and  filling 
fissures  or  veins  which  traverse  the  strata.  The  importance,  in  a 
geological  point  of  view,  of  these  veinstones,  which,  from  their  mode 
of  formation,  might  be  named  endogenous  rocks,  was  insisted  upon. 
They  may  attain  very  great  dimensions,  and  may  include  any  or  all 
of  the  mineral  species  belonging  to  the  adjacent  stratification,  variously 
grouped,  and  sometimes  having  a  banded  arrangement  parallel  to  the 
walls  of  the  vein.  Among  the  characteristic  minerals  of  these  veins 
are  calcite,  apatite,  pyroxene,  hornblende,  serpentine,  chondrodite,  otho- 
clase,  scapolite,  phlogopite,  quartz,  garnet,  idocrase,  epidote,  spinel, 
corundum,  sphene,  zircon,  magnetite,  and  graphite.  Some  of  these, 
occasionally  occur  in  a  nearly  pure  state,  filling  the  veins,  as  graphite, 
pyroxene,  and  apatite.  Veins  of  crystalline  carbonate  of  lime,  gener- 
ally including  some  one  or  more  of  the  preceding  minerals,  are  often 
met  with,  and  it  is  these  which  have  given  rise  to  the  notion  main- 
tained in  this  country  by  Emmons,  and  in  Europe  by  Leonhard  and 
others,  that  crystalline  limestone  is  either  partially  or  entirely  of  erup- 
tive origin  ;  these  calcareous  veinstones  having  been  confounded  with 
intrusive  dykes.  From  such  veinstones  a  transition  may  be  traced 
to  those  in  which  orthoclase  and  quartz  prevail,  often  to  the  exclusion 
of  lime  and  magnesia  compounds  ;  we  have  then  true  granitic  vein- 
stones in  which  tourmaline,  beryl,  and  muscovite,  cassiterite,  and  colum- 
bite  are  sometimes  met  with.  These  endogenous  rocks,  in  which  are 
often  concentrated  the  rarer  chemical  elements  of  the  rocks,  are  to  be 
carefully  distinguished  from  intrusive  dykes  which  are  seotic  rocks. 

Such  veins  are  not  peculiar  to  the  Laurentian  system,  but  are  found 
in  crystalline  strata  of  various  ages.  The  crystalline  limestones  of 
Scandinavia,  which  offer  so  many  remarkable  resemblances  to  those  of 
New  York,  New  Jersey,  and  Canada,  are,  however,  of  Laurentian  age, 
and  the  nature  of  their  veins  has  been  well  uiulerslood  by  Scheercr. 

The  rounded  angles  of  crystals  of  certain  minerals  from  the  calcare- 
ous veins  of  the  Laurentian  system,  especially  of  the  crystals  of  apatite 
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and  quartz,  which  Emmons  had  supposed  to  be  due  to  a  commence- 
ment of  fusion,  is  to  be  regarded  as  tiie  result  of  a  partial  resolution 
of  the  previously  deposited  crystals,  and  as  marking  a  stage  in  the  pro- 
gressive filling  of  the  veins.  Crystals  of  orthoclase,  pyroxene,  sphene, 
and  zircon,  though  accompanying  these  rounded  crystals,  retain  the 
sharpness  of  their  angles  because  of  their  permanence  in  the  heated 
alkaline  solutions  which  had  circulated  through  these  yet  partially  filled 
veins. 

The  various  minerals  of  these  veinstones  have  been  deposited  from 
aqueous  and  saline  solutions  at  elevated  temperatures,  and  the  experi- 
ments of  Daubree  and  of  De  Senarmont,  and  the  microscopic  ob- 
servations of  Sorby,  support  this  view.  Plutonists  begin  to  understand 
that  water  cannot  be  secluded  from  rocky  strata,  but  is  all-pervading^ 
and  that  at  great  depths,  kept  by  pressure  in  a  liquid  state  at  an  ele- 
vated temperature,  and  having  its  solvent  powers  augmented  by  alka- 
line salts,  it  plays  a  most  important  part  in  metamorphism  and  the 
formation  of  veinstones.  The  author  supposed,  with  Mr.  Hopkins, 
that  in  earlier  geological  periods  the  increase  of  temperature  in  buried 
strata  was  far  more  rapid  than  at  present,  so  that  great  heats  pre- 
vailed at  comparatively  small  depths  from  the  surface,  and  pro- 
duced great  chemical  and  molecular  changes.  The  temperatures  at 
which  the  various  silicated  and  other  minerals,  including  graphite, 
had  been  dissolved  from  the  strata  and  crystallized  in  the  veins,  he 
supposed  to  have  been,  judging  from  various  analogies,  between  the 
melting-point  of  tin  and  low  redness. 

The  distinction  between  the  apatite,  graphite,  and  magnetite,  dissemi- 
nated in  the  beds,  and  the  same  minerals  in  the  veins,  was  particularly 
insisted  upon. 

As  to  the  origin  of  the  principal  silicious  minerals  of  the  lime- 
stones, such  as  serpentine,  chondrodite,  pyroxene,  rensselaerite  and 
loganite,  Dr.  Hunt  regards  these  as  having  been  directly  deposited  as 
chemical  precipitates  from  the  seas  of  the  time,  and  cites  the  example 
of  the  Eozocin  Canadense,  an  abundant  fossil  of  the  time,  found  im- 
bedded in  these  silicates,  which  enclose  it  and  fill  the  minute  pores  of  its 
calcareous  skeleton.  To  a  similar  chemical  precipitation  he  attributes 
the  serpentines,  talcs,  chlorites,  and  epidolites,  which  occur  in  more 
recent  rocks,  and  may  be  found  in  their  incipient  state  before  the 
metamorphosis  of  these   rocks,  which    has,  for    the    most    part,  only 
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crystallized  and  re-arranged  the  already-formed  amorplioiis  silicates. 
The  chemical  agencies  which  gave  rise  to  these  silicates  of  lime,  mag- 
nesia, iron,  and  alumina  were  briefly  discussed  and  declared  to  be  still 
active,  although,  probably,  to  a  less  degree  than  formerly. 


3.  Section  of  the  Rocks  in  Eastern  Kansas.     By  G.  C.  Swal- 
LOAV,  of  Columbia,  Missouri. 

SYSTEM  I.  —  QUATERNARY. 

Formation  a  —  Alluvium. 

No.  1.  —  Soil  —  Everywhere.     1  to  6  feet. 

No.  2.  —  Sandbars  —  Missouri  and  Kansas  rivers.     10  to  20  feet. 
No.  3.  —  River  bottoms  —  Sands,  clays,  pebbles,  and  vegetable  mould 
or  humus  —  All  streams.     20  to  30  feet. 

FoMATiON  b  —  Bottom  Prairies. 
No.  4.  —  Sands,  clays,  and  marls  —  Large  streams.     25  to  30  feet. 

Formation  c  —  Bluff. 

No.  5.  —  Silicious  marls  and  sands  —  On  all  the  highlands  under  the 
the  soil.     1  to  150  feet. 

Formation  d  —  Drift. 

No.  6.  —  Sands,  pebbles,  and  boulders  —  Generally  distributed  under 
the  strata  above-named,  and  resting  upon  the  consolidated 
strata  below.     1  to  20  feet. 

SY'STEM  II.  — TERTIARY. 

In  Western  Kansas,  but  not  yet  observed  in  Eastern  Kansas. 
Vol..  XV.  8 


58  B.       NATURAL    HISTORY. 

SYSTEM  III.  — CRETACEOUS. 

But  partially  developed  in  Central  Kansas. 

No.  1.  —  Brown^erruginous,  yellow  and  buff  sandstone — Generally 
classed  as  cretaceous,  but  saw  no  positive  proof  of  its  age  — 
Hills  south  of  Kansas  river,  near  the  mouth  of  the  Sahne. 
95  feet. 

SYSTEM  IV.  —  TRIASSIC.  (?) 

No.  2.  —  Brown  sandy  shales  and  marls,  with  their  beds  of  eai'thy 
carbonaceous  matter  or  impure  coal.  Locality,  same  as  No. 
1.     15  feet. 

No.  3.  —  Brown,  red,  buff,  and  gray  mottled  standstone.  Locality, 
Republican,  Smoky  Hill,  Cottonwood,  and  Fancy  Creek. 
75  feet. 

No.  4.  —  Brown,  drab,  reddish,  and  greenish  marls  and  shales.  Lo- 
cality, same  as  No.  3.     32  feet. 

No.  5.  —  Fine  buff  magnesian  limestone  in  thin,  hard  beds.  Local- 
ity, Kansas  River  and  Fancy  Creek.     6  to  10  feet. 

No.  6.  —  Red,  brown,  purple,  green,  blue-,  and  drab  ai'gillo-magnesian 
marls  and  shales.  Some  of  these  beds  are  intersected  by 
their  calcareous  plates  crossing  each  other  at  angles  nearly 
right,  forming  a  cancellated  or  chambered  structure  like  the 
cancellated  structure  of  bones  a  hundred  times  magnified ; 
the  chambers  or  cells  filled  with  soft  clay  and  lined  with 
crystals  and  concretions  of  lime.  Locality,  same  as  No.  5. 
50  to  90  feet. 

No.  7.  —  White,  granular  and  dark  gypsum  and  fibrous  selenite,  with 
marly  shale  partings.  Locality,  Kansas  and  Gypsum  Creek. 
42  feet. 

No.  8.  —  Red,  blue,  drab,  and  purple  marls  and  shales.  Locality, 
same  as  No.  7.     36  feet. 

No.  9.  —  White  and  colored  gypsum  and  selenite,  interstratified  with 
various  colored  marls.     Locality,  Kansas  river.     27  feet. 
No.  lO.'' — Bluish  and   brownish  drab   shales    and    cancellated  marls. 
Locality,  same  as  No.  9.     25  feet. 

1  The  sandstones,  limestones,  shales,  marls,  and  gypsums  of  Nos.  2-10  were  re- 
ferred to  the  Triassic  with  a  (?)  in  1858.     The  oniv  evidence  we  then  had  of  the 
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No.  11. — Fine,  hard,  black,  porous  limestone.     Locality,  head  of  Tur- 
key Creek. 

SYSTEM  v.  — PERMIAN. 

No.  12.  —  Blue,  brown,  purple,  and  drab  cancellated  marls  and  shales, 

containing  beds  of  gypsum  and  selenite.     Locality,  same  as 

No.  11.  30  to  40  feet. 
No.  13. —  Fine,  hard,  buff  and   drab   magnesian  limestone   in  their 

beds.    Nuculas  and  Bahevellias.    Locality,  same  as  No.  11. 

5  feet. 
No.  14.  —  Brownish   and  bluish  drab  cancellated  marls.       Locality, 

Turkey  Creeks  and  Cotton  Wood.     20  to  30  feet. 
No.  15. —  Cancellated  Limestone.     Similar  in  structure  to  the  marls, 

No.  6,  Seller ojphons.     Locality,  same  as  No.  14.     3  to  10 

feet. 
No.  16.  —  Concretionary  Limestone.     This  is  a  yellowish  drab  argillo- 

magnesian  limestone  in  heavy  concretionary  beds.   Locality, 

same  as  No.  14.     2  to  15  feet. 
No.  17.  —  Calcareous  Conglomerate.!  —  not  permanent.     Locality,  same 

as  No.  16.     1  to  24  feet. 
Nos.  15,  16,  and  17  —  pass  into  each  other  by  insensible  gradations. 

They  are  not  often  found  together,  and  are  all  well  de- 
veloped. 
No.  18. —  Black,  porous  rock,  filled  with  fragments  of  fossils,  wood 

and  other  materials.     Locality,  Turkey  Creek.     6  feet. 
No.  19.  —  Drab  cancellated  marls,  interstratified  with  blue,  green,  and 

purple  shales.      Locality,  same  as  No.  14. 
No.  20. —  Greyish-buff,  (7e//«<Zar  Ziwestone.     Locality,  Fancy  Creek. 

2  feet. 
No.  21.  —  Bluish  shale.     Locality,  same  as  No.  20.     2  feet. 


age  of  these  beds  was  the  position  ami  lithologioal  characters,  and  a  single  fossil 
wliich  coul<l  not  be  distinguished  from  Niim/d  sjxciosa,  Minister,  from  the  Rlusclicl- 
kalk  of  Bindloch.  Subsequent  examinations  have  strengthened  the  evidence  wc 
then  had  that  this  is  tlie  true  position  of  these  rocks  ;  but  still  the  proof  does  not 
amount  to  demonstration,  and  it  must  remain  in  doubt  till  other  discoveries  deter- 
mine the  matter.  Our  present  knowledge  is  sufficient  for  all  practical  purjioses,  for 
we  know  their  exact  position  in  the  series  of  rocks  in  Kimsas,  and  their  valuable 
mineral  contents,  and  the  places  where  the  gypsum  beds  may  be  found. 
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Hard,  brown-buff  cellular  limestone.     4  inches. 
Bluish  drab  shale,  with  calcareous  concretions.     3  feet. 
Fine   bluish-drab    and  buff    magnesian    limestone,  full    of 
Permian    acephala,     and    Ceplialopods.      Locality,    Fancy 
and  Turkey  Creeks,  and  Cottonwood.     6  feet. 
Marly  Shales.     Locality,  same  as  No.  24.     1  to  5  feet. 
Hard,  grayish  and  bluish-buff,  porous  oolitic  limestone,  full 
of  minute  acephala  of  Permian  types.     Locality,  same  as 
No.  24.     1  to  2  feet. 

Brownish-buff  magnesian  limestone.     Fossils  same  as  last. 
Locality,  same  as  No.  24.     6  to  12  inches. 
Brown,  sandy  shales  filled  with  Aviculopecten  constens.    Lo- 
cality, same  as  No.  24.     6  inches. 

Blue  and  brown  shales.  Aviculopecten  constens.     Locality, 
same  as  No.  2L     6  to  12  feet. 

Buff  magnesian  limestone.     Locality,  same  as  No.  24.     6 
inches. 

Lower   Permian. 

No.  31. —  Brown,  red,  and  blue  shales.  Numerous  Prorf2<c<«,  Orthi- 
sina,  Athyris,  Stenopora  Crinoids  and  Gynoclodias.  Lo- 
cality, same  as  No.  24.     3  to  20  feet. 

No.  32.  —  Soft,  impure,  brown,  porous  magnesian  limestone.  Locality, 
same  as  No.  24.     6  to  8  inches. 

No.  33.  —  Blue  and  drab  marls.  Locality,  Turkey  and  Fancy  Creeks. 
1  to  15  feet. 

No.  34. —  Hard,  blue  and  dark-buff  limestone.  Productus  Calhouni- 
anus,  Edmondia  Hawni,  Monotis  Hawni,  Myalina,  Pinna, 
etc.     Locality,  same  as  No.  33.     1  to  2  feet. 

No.  35.  —  Blue  and  brown  marls,  sometimes  cherty.  Locality,  same 
as  No.  38.     1  to  2  feet. 

No.  36.  —  Blue  and  btownish-drab,  hard  or  soft  limestone.  Monotis, 
Schizodus,  Bahevellias,  Pinna,  etc.  Locality,  same  as 
No.  33.     1  foot. 

No.  37.  —  Shales.     Locality,  Turkey  Creek.     7  inches. 

No.  38.  —  Hard,  yellowish-drab  magnesian  limestone,  with  dark  spot, 
and  dendritic  markings.  Monotis,  Pecten,  Schizodus,  Avicu- 
la,  etc.     Locality,  same  as  No.  37.     1  foot. 
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No.  39.  -^  Blue,  brown,  green,  and  red  shales  and  marls.  Many  fos- 
sils, nearly  all  of  carboniferous  genera.  Locality,  Cotton- 
wood, Carey  and  Fancy  Creeks.     30  to  40  feet. 

No.  40.  —  1st.  Cherty  Limestone  —  is  a  brownish-buff  magnesian  lime- 
stone, with  cherty  concretions.  Productus  Galhoiinianus, 
Semireticidatus,  (?)  Athyris  Subtilita,  (?)  Archceocidaris. 
Locality,  Cottonwood  and  Carey  Creeks.     4  feet. 

No.  41.  —  Brown  and  drab  indurated  marls  with  chalcedonic  geodes. 
Locality,  Cottonwood  and  Carey  Creek.     6  feet. 

No.  42.  —  Buff  and  bluish-gray  and  brown,  coarse,  porous  magnesian 
limestone,  showing  sun-cracks  and  ripple-marks.  Locality, 
same  as  No.  41.  Archceocidaris,  Ort/iisina,  Synocladia, 
Crinoids,  and  Bidanus.{?)     4  to  12  feet. 

No.  43.  —  Brown  and  blue  marls.  Fossils  and  locality,  same  as  No. 
41.     12  feet. 

No.  44.  —  2d.  Cherty  Limestone  —  is  hard  bluish-drab,  and  very 
cherty.  Productus,  Myalina,  and  Spirifer.  Locality, 
same  as  No.  41.     4  feet. 

No.  45.  —  Brown  marls.    Fossils  and  locality,  same  as  No.  41.    8  feet. 

No.  46.  —  Brown  and  buff  cellular  limestone.  Locality,  same  as  No. 
41,     1  foot  6  inches. 

No.  47.  —  Brown,  blue,  purple,  and  green  shales  and  marls.  Archce- 
ocidiris,  Athyris,  and  Crinoids.  Locality,  same  as  No,  41. 
42  feet. 

No.  48.  —  Bluish-buff  and  brown  magnesian  limestone.  Permian 
Acephala.     Locality,  Carey  and  Fancy  Creeks.     13  feet. 

No.  49.  —  Brown,  blue,  green,  and  drab  marls  and  shales,  with  a  few 
thin  beds  of  limestone.  Thamniscus  dubius,  (?)  Monotis 
Ilawni,  etc.     Locality,  Carey  Creek,     41  feet. 

No.  50.  —  Drab  and  buff  magnesian  limestone.  Permian  Fossils  — 
Locality,  same  as  No.  49.     9  feet. 

No.  51.  —  Blue  and  brown  shales  and  marls.  Athyris  hke  Subtilita. 
Locality,  same  as  No.  49.     12  feet. 

No.  52.  —  Port  Riley  Limestone.  —  This  is  a  buff,  porous  magnesian 
rock,  in  thick  beds.  Productus  Calhounianus,  Othisina,  Shu- 
mardiana  Archceocidaris,  and  Bakevellia,  etc.  Locality, 
near  Fort  Riley,  Cottonwood,  Bhie  and  Fancy  Creeks. 
8  to  10  feet. 
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No.  53.  —  Blue  and  brown  shales.  Locality  and  fossils,  same  as  No. 
52.     6  feet. 

No.  54.  —  3d.  Cherty  Limestone  is  light-buff  and  magnesian.  Local- 
ity, same  as  No.  52.  Producta  Calhouniana,  Archceoci- 
daris,  Spirifer like  Lineatus, ^Orthisina  like  Umhraculum. 
40  feet. 

No.  65.  —  Brown,  blue,  and  red  shales  and  marls.  Locality  and  fos- 
sils, same  as  No.  52.     20  to  35  feet. 

No.  56.  —  Myalina  Limestone  is  a  brownish-gray  and  buff  magnesian 
limestone.  Numerous  Mi/aliuas  of  Permian  forms.  Lo- 
cality, same  as  No.  52.     4  to  8  feet. 

No.  57.  —  Blue,  brown,  and  red  marls  and  shales.  Locality  and 
fossils,  same  as  No.  52.     10  to  25  feet. 

No.  58.  —  4th.  Cherty  Limestone  is  brown,  buff,  and  porous  cherty 
magnesian  limestone.  Locality,  sand  fossils  nearly,  the 
same  as  No.  54.     10  to  24  inches. 

No.  59.  —  Blue,  drab,  and  brown  marls  and  shales.  Orthis,  Ghonetes, 
Area,  and  Ci'inoids.    Locality,  same  as  No.  52.  8  to  21  feet. 

No.  60.  —  Thin    sandy    argillo  -  calcareous    shales,  full  of  Permian 

Acephala.     Locality,  near  Fort  Riley.     3  feet- 
No.  61. —  Bluish-brown  shales.      Chonetes  ^wiS.  Productics.     Locality, 
same  as  No.  60.     3  feet. 

No.  62.  —  5th.  Cherty  Limestone  is  a  light  drab  and  buff  cherty  mag- 
nesian limestone.  Productus  Ccdhounianus,  Chonetes,  Mu- 
eronata,  Orthisina  like  Umhraculum,  Athyris  like  Subtilita 
and  Crinoids.     Locality,  same  as  No.  60.     12  feet. 

No.  63.  —  Brown,  bluish-drab,  green  and  purple  shales  and  marls. 
Synocladia  hiserialis,  Productus  Norwoodi,  Orthisina  Shu- 
mardiatia,  etc.     Locality,  same  as  No.  60.      11  to  23  feet. 

No.  64.  —  Impure  brown,  porous  limestone,  with  dark  dots  and  den- 
dritic markings.     Locality,  same  as  No.  60.     4  feet. 

No.  05.  —  Blue  and  brown  marls  and  shales.  Locality,  same  as  No. 
00.     15  to  30  feet. 

No.  66.  —  Light  buff  and  drab  argillo-magnesian  limestone,  in  thin 
beds,  with  dark  dendritic  markings  —  3fonotis  and  Bake- 
vellia.     Locality,  same  as  No.  60.     15  to  18  feet. 

No.  67.  —  Blue  and  drab  shales  and  marls.     Locality,  same  as  No.  60. 

No.  68.  —  Hard  blue  and  buff  magnesian  limestone,  containing  numer- 
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ous  Permian  Acephala.  Locality,  Cottonwood  and  Clark 
Creek.      1  to  3  feet. 

No.  69.  —  Drab  shaly  maris.     5  feet. 

No.  70.  —  Hard  blue  and  drab  mottled  porous  limestone.  1  foot  6 
inches. 

No.  71.  —  Brown,  blue,  and  reddish  marls.  Locality,  Clark  Creek. 
5  feet. 

No.  72.  —  Bluish-gray  limestone.     Locality,  Clark  Creek.     3  inches. 

No.  73. —  Brown  and  purple  mottled  shales.     7  feet. 

No.  74.  —  Hard,  brown  and  blue  limestone.     10  inches. 

No.  75.  —  Blue  shales.     5  inches. 

No.  76. —  Coraline  Limestone.  Soft  blue  and  gray  limestone.  Mono- 
tis  Halli  and  Americana,  Productus  Norwoodi,  Synocladia, 
biserialis,  Thanmiscas  dubius,  (J)  JEdmondia  Hawni, 
Phillipsia  Cliftonensis,  etc.  Locality,  Cottonwood  and  Clark 
Creek.     3  feet. 

No.  77.  —  Blue,  brown,  and  purple  shales  and  marls.  Locality,  same 
as  No.  76.     9  feet. 

No.  78.  —  Gray  and  drab  porous  limestone.  Locality,  same  as  No. 
76.     2  feet. 

No.  79.  —  Blue,  brown,  and  purple  marls,  some  very  much  cancellated 
and  a  few  beds  of  thin  limestone.  Chonetes,  Productus 
costaloides,  Orthisina  Missouriensis,  Synocladia  biserialis, 
Archceocidaris  and  Euomphelus.  Locality,  same  as  No. 
76.     38  feet. 

No.  80.  —  Fusulina  Limestone,  buff,  porous,  and  magnesian.  Pro- 
ductus, Chonetes,  Allorisma,  Fusulina,  etc.  Locality,  Man- 
hattan, Cottonwood  Falls,  and  Mill  Creek.     6  feet. 

No.  8L  —  Blue,  brown,  purple,  and  green  shales  and  marls,  with  cal- 
careous concretions  and  thin  consolidated  strata.  Monotis, 
Edmondia,  Myalina,  Pecten,  Allorisma,  and  Bellerophon, 
nearly  all  Permian  types.     31  feet. 

No.  82. —  Cotton  Roch,  a  light  crerm  colored  argillo-magnesian  lime- 
stone, sometimes  in  thin  beds  with  shale  partings.  It  has 
numerous  dendritic  markings.  Spirifer,  Atkyris,  Fusulina, 
Productus,  and  Grinoids.  Locality,  Manhattan  and  Mill 
Creek.  _  ,5  feet. 

No.  83.  —  Bluish-brown  marls.     1  foot. 

No.  hi.  —  ^^  Dry    bone  Limestone" — brown    concretionary    and  can- 
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cellated  limestone.     Synocladia   bisertalis,  Spirifer  plano- 
convexa,  etc.     5  to  15  feet.  ■* 

Nos.  82,  83,  and  84  are  sometimes  represented  by  a  bluish-gray  and 
buff  porous  raagnesian  limestone,  upper  beds  thick,  below 
thin  beds  separated  by  cellular  partings,  containing  numer- 
ous Permian  Acephala  and  Zaphrentis  and  small  Spirifer. 
Locality,  Cottonwood. 

SYSTEM  VI.— CARBONIFEROUS. 

Fa —  Coal  Measures. 

No.  85.  —  Brown  indurated  and  cancellated  marls.  Spirifer  plano- 
convexa  and  earner atus ^{\ox\g  variety),  Fusidina,  etc.  Lo- 
cality, Manhattan  and  Cottonwood.     2  feet  six  inches. 

No.  86.  —  Hard  buff  and  gray  limestone  filled  with  fragments  of 
fossils.     Locality,  same  as  No.  85.     1  foot  3  inches. 

No.  87.  —  Buff,  brown,  and  blue  marls  and  shales.     8  feet. 

No.  88.  —  Impure,  soft  brown  and  buff  argillo-magnesian  limestone. 
Locality,  same  as  No.  85.     5  feet. 

No.  89.  —  Brown  shaly  marl.     1  foot. 

No.  90.  —  Blue  and  brown  mottled  limestone.     1  foot. 

No.  9L  —  Brown,  drab,  green,  and  purple  marls  and  shales.  Retria 
punctilifora,  Monotis,  and  Edniondia.     19  feet. 

No.  92.  —  Fine  drab  magnesian  limestone.     10  inches. 

No.  93.  —  Blue,  green,  drab,  brown,  and  purple  shales  and  marls  ; 
sandy  shales  near  top  and  black  slate  near  bottom.  Athy- 
ris  subtilita,  Archceocidaris  aculeatus.  Locality,  same  as 
No.  85.     38  feet. 

No.  94.  —  Brown  sandy  shales.     Locality,  same  as  No.  85.     6  feet. 

No.  95.  —  Brown  calcareous  sandstone  with  crystals  of  calc-spar. 
Locality,  Manhattan.     3  to  4  feet. 

No.  96.  —  Fusulina  Shales.  Dark-blue  marly  shale.  Numerous 
Fusulinas  and  Garhoniferous  Brachiopoda.  Locality,  Man- 
hattan, Cottonwood  and  Mill  Creek.     12  feet. 

No.  97.  —  Black  Slate.  Fish  scales  und  Discina  Missouriensis.  1 
foot. 

No.  98.  —  Coal.    Locality,  Manhattan  and  Mill  Creek.    1  to  3  inches. 
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No.    99.  —  Impure  brown  limestone.     Fish  teeth.     1  foot. 

No.  100.  —  Blue  and  brown  shales.     5  feet. 

No.  101.  —  Impure  buff  magnesian  limestone.     Many  Fusulinas. 

No.  102.  —  Blue,  brown,  and  purple  shales.     25  feet. 

No.  103.  —  Hard  blue  limestone.     Productus  and  Grinoids.     1  foot. 

No.  104.  —  Black,  brown,  and  blue  shales.     2  feet. 

No.  105.  —  Impure  bluish-brown  limestone.  Hydraulic,  Productus, 
Chonetes,  Spirifer,  and  Orthisina.     10  inches. 

No.  106.  —  Blue,  brown,  and  purple  marls  and  shales,  some  sandy 
shales  in  thin  strata.  Locality,  same  as  No.  98.  35  to 
43  feet. 

No.  107.  —  Hard,  drab,  bluish  and  porous  magnesian  limestone.  Per- 
mian Acephala.  (?)     2  to  3  feet  6  inches. 

No.  108.  —  Drab,  blue  and  greenish  marls,  often  filled  or  replaced  by 
black,  white,  buff  and  yellow  selenite.  Locality,  same  as 
No.  98.     1  foot  6  inches. 

No.  109.  —  Impure  dark-brown  shaly  limestone.  Carboniferous  fos- 
sils.    6  inches. 

No.  110.  —  Dark-blue  and  drab  shales.     2  feet. 

No.  111.  —  Impulse  shaly  limestone.     Fucoids.     10  inches. 

No.  112.  —  Blue  shale.     1  foot. 

No.  113.  —  Coal.     1  to  3  inches. 

No.  114.  —  Blue  shale.     2  feet  6  inches. 

No.  115.  —  Oxide  of  Iron  —  Local.     3  inches. 

No.  116.  —  Impure  brown  magnesian  limestone.     1  foot. 

No.  117.  —  Blue  and  brown  argillo-arenaceous  shales  and  marls.  Lo- 
cality, same  as  No.  98.     17  feet. 

No.  118.  —  Blue  and  brown  impure  limestone.  {Hydraidic.)  1  foot 
3  inches. 

No.  119.  —  Blue,  brown,  and  black  shales.     9  feet. 

No.  120.  —  Blue  and  drab  magnesian  marls,  containing  crystals  of 
black  selenite.  Numerous  Acephala  and  Cephalopoda. 
Some  like  Permian  types.  Locality,  Zeandale,  and  Mill 
Creek.     15  feet. 

No.  121.  —  Hard,  crystaUine,  grayish-blue  limestone,  with  black  dots 
and  dendritic  markings.     Numerous  small  Acephala  and 
Cephalopoda.     Some  like  Permian  types.    Locality,  same 
as  No,  120.     2  to  10  inches. 
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No.  122.  —  lilue,  drab  and  brown  magnesian  shales.  Fossils  and  lo- 
cality, same  as  No.  120.     6  feet. 

No.  123.  —  Hard,  fine,  reddish-brown  and  gray  spotted  limestone.  2 
feet.- 

No.  124.  —  Drab,  blue  brown  and  grayish  shales.     4  to  6  feet. 

No.  125.  —  Buff  and  brown  soft  argillo-calcareous  sandstone.  The 
lower  part  is  calcareo-magnesian,  full  of  chocolate-colored 
pores  and  small  masses  of  oxide  of  iron,  —  colors  and 
pores  arranged  in  thin  strata  which  separate  on  exposure. 
Locality,  Mill  Creek.     1  foot  8  inches. 

No.  126. —  Green,  drab,  and  purple  shale.     12  feet. 

No.  127.  —  Impure  brown  porous  limestone,  and  greenish-drab  porous 
marls.  Productiis,  Retria,  Spirifer,  Orthisina.  Locality, 
same  as  No.  121.     1  to  2  feet  6  inches. 

No.  128.  —  Blue,  brown,  and  purple  shales  and  marls.  Fossils  and 
locality,  same  as  No.  121.     33  feet. 

No.  129.  —  Coal.     4  to  10  inches. 

No.  130.  —  Fire  clay.     6  inches. 

No.  131.  —  Brown  and  blue  sandstone  and  shale.  Locality,  Mill 
Creek.     21  feet. 

No.  132.  —  Impure  brown  and  greenish-gray  hydraulic  limestone. 
Productus,  Chonetes,  Pinna  and  Fusidina.  Locality, 
same  as  No.  131.     1  foot  3  inches. 

No.  133.  —  Blue  argillaceous  and  sandy  shales.     6  feet. 

No.  134. —  Chcetetes  Limestone.  This  is  a  fine,  hard,  porous,  impure 
limestone,  varying  in  color  from  gray  through  ochreous 
brown  to  chocolate.  The  lower  part  is  firm  and  brown, 
and  the  upper  beds  are  blue  and  argillaceous.  Fusidina, 
Myalina,  Zaphrentis,  Crinoids  and  a  Chcetetes  in  irregu- 
lar masses,  or  formed  around  a  Zaphrentis  or  a  Crinoid 
column.     Locality,  Mill  Creek  and  Eastward. 

No.  135.  —  Brown  and  blue  shales  and  mai'ls,  with  calcareous  concre- 
tions and  bands  of  kidney  ore.  Locality,  same  as  No.  134. 
45  feet. 

No.  136.  —  Brown  and  bluish-gray  limestone  in  one  bed.  Chonetes 
and  Crinoids.     Locality,  same  as  134.     1  foot  8  inches. 

No.  187.  —  Blue  and  brown  shales.     10  feet. 
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No.  138.  —  Hard,  dark,  ochreous,  brown   limestone     Locality,  near 

Baptist  Mission.     2  feet. 
No.  139. —  Shale.     Locality,  same  as  No.  138.     5  feet. 

Chocolate  Limestone  Series. 

No.  140.  —  Chocolate  Limestone.  This  is  a  coarse,  rough,  porous  gray 
and  chocolate  limestone,  full  of  a  very  large  ventricose 
Fusulina,  Productus  Americanus,  Calhounianus  and  cora, 
Zaphrentis  and  Grinoids.  Locality,  Mill  Creek  and  East- 
ward.    G  feet. 

No.  141.  —  Blue  and  brown  sandy  shales.  Fossils  and  locality,  same 
as  No.  140.     11  feet. 

No.  142.  —  Thin,  brown,  impure  limestone  and  calcareous  sandstones, 
with  shale  partings.  Locality,  Verdigris  Falls  and  west 
of  Baptist  Mission.     8  feet. 

No.  143.  — Purple  and  blue  shales.  Locality,  same  as  No.  142.  18 
feet. 

No.  144.  —  Brown  micaceous  sandstone.     3  feet. 

No.  1 45.  —  Blue,  drab,  red  and  gray  limestone,  passing  into  sandstone. 
Numerous  Corals  and  Brachiopoda.     8  feet. 

No.  1*6.  —  Brown  shales.     3  feet. 

No.  147.  —  Bituminous  shale.     4  feet. 

No.  148. —  Gray,  buff  and  brown  limestone,  passing  into  brown  sand- 
stone below  in  some  places.  Numerous  Corals  and  Brach- 
iopoda.    9  feet. 

No.  149. —  Brown  shales  and  sandstones.  Numerous  Corals  and 
Brachiopoda.     9  feet. 

Stanton  Limestone  Series. 

No.  150.  —  Stanton  Limestone.  Rather  coarse  drab  magnesian  and 
brown  limestone.  Productus  Americanus,  Athyris  Sub- 
tilita,  and  Archceocidaris,  etc.  Locality,  Mission  Creek, 
Marais  Des  Cygnes,  and  Verdigris.     6  to   28  feet. 

No.  151.  —  Argillaceous  shales  and  sandstones.  Locality,  Marais  Des 
Cygnes  and  Verdigris.     8  feet. 

No.  152. —  Blue  pyritiferous  shales.     Locality,  Verdigris.     9  feet. 
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No.  153.  —  Bituminous  coal.  Locality,  Marais  Des  Cygnes  and  Ver- 
digris.    1  foot  to  2  feet  6  inches. 

No.  154.  —  Gray  and  brown  sandstone  and  shales.  Locality,  same  as 
158.     12  to  50  feet. 

Cave  Rock  Series. 

No.  155.  —  Cave  Limestone.  Bluish-gray  and  brown  jointed  lime- 
stone, with  marly  partings  in  places.  Spirifer  hempUcata, 
Productus,  Athyris,  Crinoids,  etc.  Locality,  Beaver  Creek, 
Sugar  Creek,  and  Lecompton.     15  to  30  feet. 

No.  156.  —  Einstein  Sandstone  is  a  blue,  brown,  and  gray  sandstone 
and  shale.     Locality,  same  as  No.  155.     45  to  60  feet. 

Spring  Rock  Series.  « 

No.  157.  —  Gray  limestone,  spotted  with  brown  in  thin  irregular 
beds.     Locality,  same  as  No.  155.     2  feet. 

No.  158.  —  Sandstone  and  shales.  Locality,  same  as  No.  156.  15  to 
25  feet. 

No.  159.  —  Coal.  Locality,  Bull  and  Middle  Creeks,  Miami  County. 
4  to  8  inches. 

No.  160.  —  Fire  Clay.  Locality,  same  as  No.  159.  Nos.  158,  159, 
160  are  often  replaced  by  a  bluish-brown  shale,  filled  with 
calcareous  concretions.     4  feet. 

No.  161.  —  Spring  Rock.  A  hard  bluish-gray  and  brown  limestone. 
Locality,  Beaver  Creek,  Marais  Des  Cygnes,  and  John- 
son's Creek,  west  of  Topeka  and  Lecompton.  1  to  4  feet 
8  inches. 

No.  1 62.  —  Brown  sandstones  and  blue  shales,  interstratified.  Local- 
ity, same  as  No.  161.     4  to  38  feet. 

No.  163.  —  Bituminous  coal.  Locality,  West  of  Baptist  Mission,  at 
Johnson's  coal  bed,  west  of  Topeka.     6  in.  to  1  foot  6  in. 

No.  164.  —  Fire  clay.     Locality,  same  as  No.  161.     1  foot. 

No.  165.  —  Blue  shales  and  brown  sandstones,  and  bands  of  kidney 
ore.  Locality,  West  of  Baptist  Mission,  at  Lecompton, 
and  Beaver  Creek.     35  fieet. 
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Well  Rock  Series. 

No.  166.  —  Blue  and  gray  limestone  and  porous  chert,  in  thin  beds 
interstratified  with  shales.  Spirifer  and  Productus,  Aihy- 
ris,  etc.  Locality,  Lecompton,  Middle  Creek,  and  Marais 
Des  Cygnes.     5  to  7  feet. 

No.  167.  — Blue  shales.     Locality,  same  as  No.  166.     13  feet. 

No.  168. —  Well  JRock. —  Light-gray  and  hard  brown  limestone,  with 
cherty  concretions.  When  fully  developed  the  upper  part 
is  coarse  and  porous,  in  heavy  bands,  numerous  Corals  and 
Brachiopoda.  Locality,  Paris,  Lawrence,  Garnett,  Ottawa, 
and  Leavenworth.     10  to  48  feet. 

No.  1 69.  —  Brown  and  blue  shales  and  fine  bluish-gray  limestone,  in- 
terstratified (in  places  all  shale).  Productus,  Chonetes, 
Spirifer,  Corals,  and  Crinoids.  Locality,  same  as  No. 
166.     2  to  6  feet. 

No.  170.  —  Bituminous  shale.  Discina  oxiiS.  Turbo.  Locality,  same 
as  No.  166.     6  feet  6  inches. 

No.  171.  —  Hard,  firm,  blue  limestone.  Spirifer  lineatus.  Locality, 
same  as  No.  1 66.     1  to  3  feet  3  inches. 

No.  172.  —  Blue  and  brown  shales.  Locality,  same  as  No.  166.  1 
to  4  feet. 

No.  173.  —  Brown  and  gray  cherty  limestone,  with  shale  partings. 
Numerous  Corals  and  Brachiopoda.  Locality,  same  as 
No.  166.     10  to  15  feet. 

No.  174.  —  Blue  and  brown  shales  and  brown  and  gray  shales  and 
sandstones,  with  bands  of  iron  ore.  Locality,  same  as  No. 
166.     75  to  100  feet. 

No.  175.  —  Bituminous  coal.  Locality,  Center  Creek,  west  of  Law- 
rence.    1  to  5  inches. 

No.  176.  —  Brown,  green,  and  purple  shales  and  marls,  and  buff  and 
gray  sandstones.  Locality,  same  as  No.  166.  55  to  90 
feet. 

Marais  Des  Cygnes  Coal  Series. 

No.  177.  —  Hard,  fine,  blue  limestone,  with  jointed  structure,  Spirifer 
lineatus,  Athyris  subtilita  and  Crinoids.  Locality,  Sugar 
and  Mine  Creeks,  Linn  Co.     2  to  4  feet. 
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No.  178.  —  Brown  sandstones,  and  blue  shales,  and  bands  of  iron  ore. 

Locality,  same  as  No.  177.     38  to  51  feet. 
No.  179. —  Bituminous  coal.     Locality,  same  as  No.  177.    2  inches. 
No.  180.  —  Blue  and  black  shale.    Locality,  same  as  No.  177.    3  feet. 
No.  181.  —  Bituminous  coal.     Locality,  same  as  No.  182.     1  foot  8 

inches  to  2  feet  9  inches. 
No.  182.  —  Black  shale  and  fire-clay.     Locality,  Linn  Co.     3  feet. 
No.  183.  —  Impure  brown  and  bluish-gray  limestone.     Spirifer,  Pro- 

ductus,  CJwrietes,  Myalina,  Pecten^  etc.     Locality,  Sugar 

Creek  and  Lawrence.     G  feet. 
No.  184.  —  Brown  and  buff  regularly  stratified  sandstone.      Locality, 

Muddy  Creek,  Linn  Co.     45  feet. 
No.. 185. —  Blue   shales   and    marls.       Locality,   Mound   City    and 

Muddy  Creek.     25  feet. 
No.  186. —  Brown  and  bluish-gray  limestone,  with  shale  partings  and 

numerous  fossils.     Locality,  same  as  No.  185.     12  feet. 
No.  187. —  Blue  and  brown  shaly  marls.     Locality,  Mafais  Des  Cyg- 

nes  and  Mine  Creek.     2  feet. 
No.  188.  —  Fine,  bluish-drab,  concretionary  limestone.    Locality,  same 

as  No.  187.     4  feet. 
No.  189.  —  Brown  and  bluish  sandstone  and  shales.^    Locality,  Ma- 

rais  Des  Cygnes  and  Mine  Creek.     45  feet. 
No.  190.  —  Coal.    Locality,  same  as  No.  189.     1  foot  6  inches  to  2  feet. 
No.  191. —  Black  slate  and  fire-clay.     2  feet. 
No.  192. —  Bluish-drab   compact   limestone,  with  very  large  masses 

Chcetetes.      Locality,   Marais   Des    Cygnes   and    Indian 

Creek.     5  feet. 
No.  193.  —  Brown  and  drab  shales,  containing  numerous  concretions. 

Locality,  Mill  Creek,  in  Bourbon  Co.     15  feet. 
No.  194.  —  Blue,  green,  brown,  and  chocolate  shales  and  marls.     Lo- 
cality, same  as  No.  193.     30  feet. 
No.  195. —  Sandy  shales.     Locality,  same  as  No.  193.     10  feet. 
No.  196.  —  Brown,  and  dull  brownish-drab  sandstone  in  regular  beds. 

Calamites.     Locality,  same  as  No.  193.     11  feet. 
No.  197.  —  Brown  and  drab  sandy  shales.     Locality,  same  as  No.  193. 

8  feet. 
No.  198. —  Blue  shales,  with  bands  of  kidney  ore.     17  feet. 

1  Mine-Creek  Lead  Mines  are  in  these  rocks. 
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No.  199. —  Bituminous  and  pyriliferous  shale.     1  foot. 

Nos.  193-199  are  represented  by  45  feet  of  bine  and  brown  shales, 

with  bands  of  kidney  ore  on  the  Marais  Des  Cygnes,  at 

Eoot's  Coal  Bed. 
No.  200.  —  Coal.    Locality,  same  as  No.  193  and  Marais  Des  Cygnes, 

and  Mound  City.  (?)     2  to  3  feet. 
No.  201.  —  Fire-clays  and  shales.     5  feet. 

Pawnee   Limestone    Series. 

No.  202.  —  Pawnee  Limestone  ^   is   heavy -bedded,  porous  and  com- 
pact, coarse  and  fine,  drab,  brown  and  bluish-gray,  cherty, 

concretionary  and  mottled.     Chcetetes  and   Crinoids,  etc. 

Locality,  Indian  and  Pawnee  Creeks,  and  south  to  Bone 

Creek.     20  to  55  feet. 
No.  203.  —  Dull,  brownish-blue,  hydraulic,  concretionary  limestone, 

with  pyriliferous   shale  partings.     Locality,  same  as  No. 

202.     6  feet. 
No.  204.  —  Black  slate.     Discinas.     Locality,  same  as  No.  202.     2  to 

4  feet. 
No.  205.  —  Blue  and  brown  argillo-sandy  shales.      Locality,  on  the 

Marmiton,  above  Fort  Scott  and  Indian  Creek.     5  feet. 
No.  206.  —  Impure  black  shaly  limestone  full  of  fossils,  and  a  bed  of 

cone  —  in  cone.     Locality,  same  as  No.  205.     6  inches. 
No.  207.  —  Blue  and  brown  argillo-sandy  shales,  with   thin  bands  of 

brown  limestone  and  septaria  of  iron  ore.     Locality,  Indian 

and  Wolverine  Creeks.     34  feet. 
No.  208.  —  Black,  impure  shaly  limestone,  full  of  fossils.     Spirifer, 

Productus,  and  Chonetes,      Locality,  same  as  No.  206.     1 

foot. 
No.  209.  —  Coal  and  coal  smut.   Locality,  same  as  No.  206.    6  inches. 

1  The  lower  part  of  this  limestone  is  almost  exactly  like  the  Fort  Scott  limestone, 
both  in  lithological  characters  and  fossils;  hence  it  is  very  difficult  to  distinguish 
them  when  the  upper  gray  beds  of  this  limestone  and  the  shales  below  are  not  ex- 
I)osed.  Between  Indian  Creek  and  the  Marmiton,  both  of  these  rocks  crop  out  in 
the  numerous  ravines  and  slopes,  and  they  are  very  much  broken  and  disturbed, 
making  it  almost  impossible  to  make  a  correct  section  of  the  rocks  between  those 
streams  without  this  knowledge  of  the  similarity  of  these  limestones. 
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No.  210. —  Brown  and  blue  argillo-sandy  shales,  with  a  few  bands  of 
iron  ore.     25  feet. 

Fort  Scott  Coal  Series. 

No.  211.  — Fort  Scott  Limestone  is  a  bluish-drab  and  brown,  irregularly 

bedded   limestone,    with    many    Producti,    Ckonetes,  and 

Spirifers.     Locality,  Little  Osage,  Fort  Scott,  and  south 

to  Dry-wood  and  Bone  Creek,  and  west  to  the  Neoshe. 

8  to  18  inches. 
No.  212. —  Dark  brown  shales  and  marlites  and  iron-stone.     Locality, 

same  as  No.  211.     2  feet. 
No.  213.  —  Black  slate.     Locality,  same  as  No.  211.     4  feet. 
No.  214.  —  Coal.     Locality,  same  as  No.  211.     6  inches. 
No.  215.  —  Gray,  blue,  and  brown  fire-clays  and  shales.     5  to  8  feet. 
No.  216.  —  Impure  brown  and  drab  hydraulic  concretionary  limestone 

in    one    thick  bed.     Producttis,    Spirifer,    Grinoids,  etc. 

Locality,  same  as  No.  211.     6  feet. 
No.  217. —  Black  slate  containing  large  concretions  of  iron-stone.     4 

feet. 
No.  218.  —  Coal.     Locality,  same  as  No.  211.     1  foot  4  inches. 
No.  219.  —  Fire-clay.     4  feet. 
No.  220.  —  Impure  broAvn  mottled  limestone.     Spirifer,  like  Camera- 

tus  but  new.     Locality,  only  on  Dry  wood.     2  feet. 
No.  221.  —  Drab  and  bluish  fire-clays.      This  bed  often  passes  into 

sandstone  or   sandy  shales.     LocaHty,  same  as  No.  211. 

12  feet. 
No.  222.  —  Blue  and  brown  drab  argillo-sandy  shales,  with  sandstone 

layers  and  numerous  beds  of  good  iron  ore.     Locality, 

same  as  No.  211.    87  feet. 

Fort  Scott  Marble  Series. 

No.  223.  —  Hard,  fine,  black  limestone.     Locality,  Little  Osage,  near        i 

State  line.     3  feet. 
No.  224.  —  Black  slate.     Locality,  same  as  No.  223.     5  feet. 
No.  225.  —  Blue  and  yellow  shale.     Locality,  same  as   No.  223.     7 

feet. 
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No.  226.  — Fort  Scott  3Iarble  is  black,  with  numerous  yellowish  veins 
and  crystallized  shells,  and  it  weathers  brown.  It  takes  a 
good  polish.  Locality,  "  Slick-Rock  Ford,"  on  the  Mar- 
miton,  and  on  Moor's  Branch  above  the  "  Military  Ford." 
1  foot  6  inches. 

No.  227.  —  Blue  and  bi'own  shales.     1  foot  8  inches. 

No.  228.  —  Black  slate.     Locality,  same  as  No.  226.     2  feet. 

No.  229.  —  Coal,  good.  Locality,  Little  Osage,  below  State  line.  2 
feet  6  inches. 

Lower  Coal  Series.  ^ 

No.  230.  —  Long  slope  to  Middle  Fork  of  Cow  Creek,  probably  sand- 
stone and  shale,  and  two  beds  of  coal,  one  and  two  feet  in 
thickness.     25  to  50  feet. 

No.  231.  —  Brown  sandstone  and  sandy  shales  and  iron  ore.  Locality, 
Dorsey's,  on  Middle  Fork  of  Cow  Creek.     10  feet. 

No.  232.  —  Brown  and  bluish  argillo-sandy  shales,  with  dark  partings. 
Locality,  same  as  No.  23  L     12  feet. 

No.  233.  —  Brown  and  bluish  argillo-sandy  shales,  with  dark  partings. 
Locality,  same  as  No.  231.     12  feet. 

No.  234.  —  Bituminous  Coal.^  Locality,  Dorsey's  Coal  Bank.  5  to 
7  feet. 

No.  235.  —  Slope  on  East  Fork,  or  Little  Cow  Creek.     10  feet.  (?) 

No.  236.  —  Hard,  brown  and  gray  sandstone  in  thick  beds,  with 
jointed  structure  and  shale  partings.  Locality,  same  as 
No.  234.     20  feet. 


1  The  south-eastern  part  of  the  State,  the  only  place  where  the  lower  coal-rocks 
come  to  the  surface,  is  so  level  and  the  slopes  are  so  gentle,  and  the  soft  shales  and 
sandstones  are  so  abundant,  that  the  rocks  are  but  rarely  exposed  ;  and  the  ex- 
posures arc  so  small  and  so  far  from  each  other,  that  it  is  very  difficult  to  make  a 
connected  section  with  absolute  certainty.  We  could  expect  to  make  only  an  ap- 
proximation to  a  connected  section  in  the  few  days  devoted  to  this  interesting  region ; 
but,  whenever  any  uncertainty  exists  in  the  rocks  or  their  connections,  it  is  fully  in- 
dicated in  the  text.  If  more  time  could  be  devoted  to  this  region,  a  connected  sec- 
tion could  be  made  of  this  imjiortant  part  of  the  coal  scries. 

^  We  saw  but  four  feet  of  this  coal,  as  the  bank  was  caved  in  ;  but  it  is  reported 
to  be  seven  or  eight  feet  thick  in  places. 

Vol.  XV.  10 
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No.  237.  —  Sandy  and  argillaceous  shales.     10  feet. 

No.  238.  —  Coal  and  coal  smut.     2  to  6  inches. 

No.  239.  —  Shales  and  sandstone.  Locality,  Military  Ford,  on  Cow- 
Creek.     15  feet 

No.  240.  —  Red  and  brown  shales  with  kidney  ore.  Locality,  Shaw- 
nee Creek.     20  feet. 

No.  241.  —  Brown,  hard,  ripple-marked  sandstone,  with  shale  part- 
ings. Locality,  Brush  Creek  and  Mound,  6  miles  west  of 
Baxter's  Spring. 

No.  242.  —  Blue  and  brown  shales,  with  black  partings  and  numerous 
bands  of  iron  ore.     Locality,  same  as  No.  241.     35  feet. 

No.  243.  —  Coal  and  coal  smut.  Locality,  same  as  No.  241.  2  to  8 
inches. 

No.  244. —  Blue  and  brown  shales.     Locality,  same  as  No.  241.     50 

feet- 
No.  245.  —  Slope,  probably  sandstone  and  shales.     20  to  30  feet. 

No.  246.  —  Brown  micaceous  sandstone,  some  irregular,  thick,  soft  beds 
and  some  shale  partings  below.  Calamites.  Locality,  Neo- 
sho, 3  to  5  miles  above  State  line.     40  feet. 

No.  247.  —  Gray  and  brown  sandstone  and  kidney  ore.  Locality,  on 
the  Neosho  at  the  State  line,  and  3  miles  above.     2  feet. 

No.  248.  —  Blue  shales  with  black  partings,  and  many  bands  of  iron 
ore,  of  which  hundreds  of  tons  are  washed  out  on  the  Neo- 
sho, near  the  State  line.  Locality,  same  as  No.  248.  12 
feet. 

No.  249.  —  Black  and  gray  calcareous  shaly  limestone,  full  of  fossils. 
Productus  Ghonetes,  Orthisina,  Spirifer,  Corah,  Crinoids, 
etc.     Locality,  same  as  No.  248.     8  inches. 

No.  250.  —  Blue  and  black  shale.    Locality,  same  as  No.  248.  2  feet. 

No.  251.  —  Coal.     Locality,  same  as  No.  248.     4  to  10  inches. 

No.  252.  —  Blue,  brown,  and  black  shales.     16  feet. 

No.  253.  —  Space  in  which  the  rocks  were  not  seen.     25  feet.  (?) 

F  b.  —  Lower  Cakboniferous. 

No.  254.  —  Slope  covered  by  fragments  of  chert  and  cherty  fer- 
ruginous conglomerate  and  clays.  Locality,  Baxter's 
Spring  and  Branch.     10  feet. 

No.  255.  —  Gray  and  bluish-gray  crystalline  and  granular  limestone, 
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with  intercallation  of  chert  and  hornstone.  Spirifer,  Pro- 
ductns,  C/ionetes,  Platycrinns,  and  Zaphrentis.  Oldest 
rock  in  Kansas.  Locality,  Baxter's  Spring  and  Branch  to 
Spring  River.     110  feet. 


REMARKS  ON  THE  ABOVE  SECTION. 

Tertiary  System. 

The  I'ocks  of  this  system  are  known  to  occupy  a  considerable  por- 
tion of  Western  Kansas ;  but  we  have  had  no  opportunity  of  examin- 
ing these  formations,  and  therefore  cannot  give  any  detailed  description 
of  them.  The  most  important  fact  known  respecting  this  series  of 
rocks  is  that  it  contains  extensive  beds  of  Brown  Coal,  or  Lignite, 
which  must  be  very  valuable  for  fuel  in  a  region  possessing  so  little 
timber.  They  crop  out  along  the  Smoky  Hill,  and  render  that  beau- 
tiful valley  most  desirable  for  agriculture,  railroads,  and  manufactures  ; 
whereas,  without  these  beds  of  fuel,  this  valley  must  have  remained  but 
sparingly  populated  for  centuries  to  come. 

Cretaceous  System 

Also  underlies  a  large  portion  of  Central  Kansas,  The  ferruginous 
sandstones,  which  cap  the  hills  and  ridges  in  Central  Kansas,  have  been 
referred  to  this  system ;  whether  correctly  so  must  be  determined  by 
the  examination  of  localities  beyond  the  range  of  our  explorations 
during  the  past  year ;  the  cretaceous  rocks,  however,  are  known  to 
exist  in  considerable  force  in  Central  Kansas. 

Triassic  System.  (?) 

There  is  a  series  of  buff,  red  and  mottled  sandstones,  red  and  drab 
marls,  buff,  magnesian  and  black  limestones,  blue  and  brown  shales 
and  gypsum,  344  feet  in  thickness,  under  the  sandstone*of  the  creta- 
ceous (?)  and  over  the  rock's  known  to  be  Permian.  As  a  sufficient 
number  of  fossils  had  not  been  found  in  these  strata  to  fully  decide  the 
exact  age  to  which  they  belong,  and  as  they  resembled,  in  lithological 
and  paUeontological  characters,  the  Triassic  rocks   of  Europe   more 
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than  any  others,  they  were  placed  promiscuously  in  that  gi'onp  by  Maj. 
Hawn  and  myself,  in  1858  ;  and  as  the  facts  and  few  imperfect  fossils 
found  since  rather  sustain  this  classification,  it  is  not  deemed  advisable 
to  make  any  change  in  the  arrrangoment  until  future  discoveries  shall 
fully  establish  their  position  in  the  geological  ages. 

It  should  be  remembered,  however,  that  the  uncertainty  about  the 
age  of  these  rocks  does  not  in  the  least  interfere  with  our  fully  un- 
derstanding the  mineral  wealth  contained  in  them,  nor  with  our  ability 
to  fully  develop  it ;  for  we  know  the  exact  position  of  these  rocks '  in 
the  series,  the  strata  of  which  they  are  made  up,  and  the  valuable 
minerals  they  contain,  and  their  wonderful  fertilizing  influence  over 
the  soils  which  rest  upon  them  or  come  within  the  range  of  the  waters 
that  flow  from  them. 

These  rocks  extend  in  an  irregular  belt  across  the  State,  from  the 
head-waters  of  the  Blue  and  Fancy,  across  the  Republican  and  Solo- 
mon and  over  the  Kansas,  between  Turkey  Creek  and  the  Saline  ; 
thence  south  and  south-easterly  up  (he  Smoky  Hill  and  Gypsum, 
Holland  and  Turkey  Creeks  ;  along  the  northern  slope  of  the  divide, 
south  of  the  Kansas,  to  the  heads  6f  Lyon  and  Diamond  Creeks ; 
sweeping  thence  westward  across  the  Cottonwood  and  down  the 
divide,  south  of  that  stream,  to  the  Walnut  and  White  Water. 

The  gypsum  beds  in  this  location  are  variable  in  thickness,  ranging 
from  0  to  50  feet.  Deposits  of  pure  white  gypsum  crop  out  on  the 
Blue,  the  Republican,  and  the  Kansas,  and  on  Turkey  Creek ;  and 
on  the  divides  between  the  Gypsum  and  Holland,  and  between  Tur- 
key Creek  and  the  Cottonwood.  The  beds  at  the  four  last  localities 
are  very  thick  and  miles  in  length.  There  are  doubtless  many  other 
localities  between  the  range  of  those  rocks  where  these  gypsums  come 
to  the  surface,  and  which  a  more  careful  examination  will  develop. 

Permian  System. 

There  is  a  series  of  limestones,  marls,  shales,  sand3.tones,  conglom- 
erates, and  gypsums,  below  the  Triassic  group  de  cribed  above,  which 
belong  to  the  same  age  as  the  Permian  Rocks  of  Europe. 

Since  the  true  position  of  these  rocks  was  first  announced^  in  1858, 

^  See  above  section,  Nos.  2-10. 

''This  discovery  was  first  announced  by  myself  February  22,  1858.  See  Trans. 
Acad.  Nat.  Science,  St.  Louis.     Vol.  I. 
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the  proofs  of  their  identity  with  the  Permian  system  have  been  con- 
stantly accumulating,  until  at  the  present  time  there  is  probably  no 
geologist  who  has  examined  the  matter  and  still  doubts  their  identity 
with  the  Permian  of  Europe. 

We  have  made  two  divisions  of  those  rocks  in  reference  to  the  fos- 
sils they  contain.  The  upper  division  comprises  the  limestones,  marls, 
shales,  conglomerates,  sandstones,  and  gypsums  in  Nos.  12-30  of  the 
section  above,  representing  a  thickness  of  148  feet.  The  fossils  of  these 
strata,  so  far  as  observed,  belong  to  the  Acephala  and  Cephalopoda 
and  Gastropoda,  and  no  one  of  them  has  been  identified  with  known 
Carboniferous  species. 

In  lithological  characters  these  rocks  are  very  similar  to  the  rocks 
of  the  same  age  in  Europe.  The  magnesian  limestones  and  conglom- 
erates, the  various  colored  marls  and  shales,  and  the  gypsums,  all 
and  each  would  well  answer  the  descriptions  given  of  the  same  rocks 
in  Europe.    « 

These  rocks  occupy  a  narrow  belt  across  the  State,  east  of  the  Trias- 
sic  group,  as  described  above. 

This  formation  also  contains  beds  of  gypsum,  which,  together  with 
the  marls  found  in  all  parts  of  the  series,  have  a  most  beneficial  in- 
fluence upon  the  soils,  and  will,  to  a  great  extent,  control  the  produc- 
tions, population,  and  wealth  of  Central  Kansas. 

Lower  Permian. 

This  series,  like  the  Upper  Permian,  is  made  up  of  a  succession  of 
magnesian  limestones,  blue,  drab,  red  and  green  marls  and  shales,  red 
and  buff  sandstones  and  conglomerates  and  gypsums  ;  but  there  are 
more  blue  shales,  like  those  in  the  coal-measures  below.  These  rocks 
contain  nearly  or  quite  all  the  fossils  found  in  the  Upper  Permian, 
and  in  addition  a  few  species  ^  common  to  the  upper  coal-measures,  and 
perhaps  a  very  few  not  found  above  or  below. 

It  is  a  remarkable  fact  that  the  Permian  and  Carboniferous  types 


1  In  1 858  I  expressed  the  opinion,  based  upon  the  collection  sent  mc  by  Mnj. 
Hawn,  that  "  although  the  Permian  specipjt  arc  so  much  more  numeroi:s,  the  Car- 
boniferous speciiitens  are  much  tlic  more  abundant."  But,  after  a  personal  examina- 
tion of  these  rocks,  I  am  fully  satisfied  that  the  Permian  fossils  are  by  far  the 
most  numerous  even  in  the  lowest  strata. 
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are  seldom  if  ever  mingled  in  the  same  stratum,  though  both  occur  in 
thin  beds  alternating  with  each  other.  The  Carboniferous  forms  usually 
occur  in  blue  argillaceous  shales  and  in  the  blue  limestones,  and  the 
Permian  in  the  magnesian  and  sandy  limestones  and  drab  magnesian 
shales  and  marls  ;  so  that  the  character  of  the  fossils  follows  the  litho- 
logical  characters  of  the  rocks  in  which  they  occur.  Wherever  the 
rocks  are  of  a  Carboniferous  character  we  may  expect  to  find  fossils  of 
Carboniferous  types,  and  where  the  rocks  are  of  a  Permian  character 
the  fossils  are  also  Permian. 

The  magnesian  material  and  Permian  fossils  increase  towards  the 
south.  They  are  much  more  abundant  on  the  Cottonwood  than  on  the 
Kansas  and  the  Blue.  Shales  and  Carboniferous  fossils  are  not  so 
fully  developed  on  the  former  stream. 

A  large  number  of  these  strata  exhibit  indications  of  shoal  water  in 
the  sun-ci'^cks,  ripple-marks,  and  small  piles  of  fossils  and  fragments 
washed  together  on  their  surfaces.  • 

These  Permian  strata  so  graduate  into  and  are  so  nearly  conforma- 
ble to  the  coal-measures  below,  that  no  want  of  conformability  can  be 
detected  by  examining  any  one  locality,  though  the  line  of  junction  be 
traced  a  long  distance ;  yet,  where  sections  are  made  across  the  line  of 
junction,  at  distant  points,  it  becomes  evident  that  there  is  a  striking 
non-conformability.  When  the  sections  made  across  this  line  on  the 
Kansas,  at  Manhattan  and  above,  are  compared  with  those  on  the 
Blue,  though  separated  several  miles,  there  is  no  difficulty  in  identify- 
ing all  the  important  strata  in  one  with  those  in  the  others,  and  when 
these  sections  are  compared  with  those  on  Mill  Creek,  some  25  miles 
east,  and  those  on  the  Cotfbnwood,  60  miles  south  from  Manhattan, 
the  prominent  beds  are  easily  identified  down  to  the  lowest  bed  of  the 
Permian,  No.  84  of  the  above  section  ;  but  Nos.  85-95  from  the  sec- 
tions near  Manhattan  are  not  found  in  the  Mill  Creek  sections,  where 
No.  84  rests  directly  upon  the  Fusulina  shales,  No.  96.  These  facts 
present  a  striking  illustration  in  our  geology  of  Prof.  Sedgwick's  re- 
marks on  the  Permian  of  England :  — 

"  Through  many  large  tracts  of  country  ....  it  (the  Mag- 
nesian limestone)  rests  on  the  coal-measures,  and  seems  to  partake  of 
their  dip  and  inclination.  It  is  therefore  only  after  an  extensive  com- 
parison cf  the  two  formations  that  we  can  make  out  their  general  want 
of  conformity."  —  (Geological  Trans.,  Vol.  III.,  2d  Sec,  p.  56.) 
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In  another  paper :  — 

"  Again,  though  the  lower  red  sandstone  of  Yorkshire  and  Durham 
appears  in  some  cases  to  graduate  into  the  coal-measures  .  .  .  ; 
yet,  when  considered  on  a  great  scale,  it  is  unconformable  to  them,  and 
on  that  account  was  separated  from  them."  (Geological  Trans.,  Vol.  IV., 
2d  Sec,  p.  307.) 

These  extracts  express  the  facts  as  they  exist  in  Kansas,  and  give 
one  good  reason  why  the  line  of  separation  should  be  made  where  it 
is.  But  the  main  reason  for  the  separation  here  is  the  fact  that  the 
Permian  fossils  come  down  in  force  to  this  line  and  but  few  go  below ; 
while  a  few  species  only  of  Carboniferous  fossils  are  found  above  it, 
and  in  the  shales  immediately  below  there  are  at  least  thirty  species 
and  millions  of  specimens. 

The  rocks  also  change  in  lithological  characters.  The  blue  shales 
increase ;  the  limestones  are  less  magnesian  and  more  argillaceous  and 
ferruginous  ;  ^  dark,  nearly  black,  fossiliferous  argillo-shaly  limestones 
and  thin  bands  of  spathic  iron  come  in  ;  bituminous  shales  and  thin 
coal-beds  begin  to  appear ;  and  the  marls,  limestones,  and  shales  below 
no  longer  present  the  marked  cancellated  structure  so  characteristic  of 
those  rocks  above. 

CARBONIFEROUS   SYSTEM. 

Coal-Measures. 

This  formation  occupies  the  surface  of  rfearly  all  Kansas  cast  of  the 
eastern  boundary  of  the  Permian  rocks  (an  area  of  over  17,000  square 
miles).     This  boundary  crosses  the  State  in  an  irregular  line  from  a 


1  The  magnesian  limestones  weatlier  white,  while  the  ferniginous  become  brown 
on  exposure.  This  change  in  the  color  of  the  surface  limestones  is  very  obvious  to 
one  passing  over  the  line  between  these  formations.  One  travelling  from  the  Mis- 
souri to  ISIanhattan  on  the  north  side  of  the  Kaw,  or  to  near  Wabaunsee  on  the 
south,  over  the  coal-measures,  will  find  nearly  all  the-limestones  brownish;  but  at 
those  points  he  will  find  the  limestones  in  the  tops  of  the  hills  white,  and  nearly  all 
between  these  points  and  the  Triassic  sandstones  near  Salina  are  of  the  same  color. 
The  same  facts  may  be  observed  on  the  Blue,  on  Mill  Creek,  on  the  Cottonwood, 
and  the  Verdigris.  These  changes  arc  so  obvious  that  men  unacquainted  with  ge- 
ology have  observed  and  mentioned  them. 
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point  on  the  northern  boundary  near  the  96th  parallel,  through  Manhat- 
tan and  Emporia,  and  thence  south  across  the  head-waters  of  the  Ver- 
digris and  Fall  River. 

The  coal-measures  are  made  up  of  numerous  limestones  and  sand- 
stones, shales  and  marls,  spathic  iron,  fire-clay,  and  coal,  Nos.  85,  254, 
of  the  above  section.  These  strata  lie  in  a  position  nearly  horizontal, 
with  numerous  undulations  and  a  slight  general  dip  to  the  west,  show- 
ing no  signs  of  local  disturbances  save  in  a  few  localities.  The  most 
important  ones  observed  were  between  the  Marais  Des  Cygnes  to  Fort 
Scott,  where  the  strata  are  often  fractured  and  tilted  up  by  some  forces 
not  now  in  action. 

The  lowest  of  these  strata  come  to  the  surface  in  the  south-east,  and 
as  the  country  rises  to  the  north-west  the  higher  beds  successively  come 
to  the  surface,  resting  upon  those  below  until  they  reach  a  thickness 
of  2000  feet,  ^  as  measured  along  the  outcropping  edges.  The  relative 
position  of  these  strata  may  be  well  illustrated  by  the  courses  of  sliin- 
gles  on  a  roof,  only  the  lower  shingles  should  be  long  enough  to  reach 
the  ridgepole  under  the  upper  layers,  as  the  lower  rocks  probably  do 
in  their  western  extension. 

Nearly  all  the  important  beds  of  limestone  become  thicker  towards 
the  south  and  east,^  where  they  come  to  and  occupy  the  surface.  To- 
wards the  west  and  north  these  limestones  are  hard,  subcrystalline,  blu- 
ish-gray, or  brown  and  cherty,  and  this  part  of  these  beds  remains  very 
persistent,  while  the  increased  thickness  to  the  east  and  south  is  pro- 
duced by  the  addition  of  higher  massive  beds  of  coarser  gray  and  bufF 
poi'ous  magnesian  limestones,  more  or  less  stained  with  iron,  especially 
in  the  pores.  These  upper  beds  usually  appear  as  if  made  up  in  part 
of  small  fragments  of  fossils  and  other  calcareous  matter.  They  also 
contain  fossils,  which  run  through  this  portion  of  all  the  limestones  thus 

1  Though  this  is  the  measured  thickness  of  the  coal  strata,  they  will  not  be  found 
so  thick  at  any  given  point,  for  in  the  east  some  of  the  upper  beds  are  wanting,  and 
in  the  west,  where  all  are  present,  they  are  not  so  thick  as  at  their  outcrops,  where 
the  measurements  were  made. 

They  cover  the  surface  over  an  area  of  17,000  square  feet,  and  then  run  beneath 
the  Permian  rocks  westward. 

2  As  an  illustration,  the  thickness  of  the  Well  Rock,  No.  166,  is  only  10  feet  at 
the  Ferry  near  Lecompton,  while  on  Sugar  Creek,  in  Anderson  Co.,  it  is  48  feet. 
The  thickness  of  the  Stanton  Limestone,  No.  151,  is  only  6  feet  at  the  Baptist  Mis- 
sion in  Shawnee  Co.,  but  on  the  Marais  Des  Cygno^,  in  Miami,  it  is  18  feet. 
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thickened,  and  are  more  abundant  in  them  than  elsewhere,  or  even  in 
the  lower  portions  of  the  same  formations.  Two  or  three  species  of 
Arch(EOcidaris  and  a  large  Athyris  are  abundant  and  Productiis  Ameri- 
canus  more  rare  in  these  beds. 

The  sandstones  and  sandy  shales  are  also  thicker  towards  the  south- 
east, and  are  more  generally  irregular  than  any  others  of  these  forma- 
tions, —  old  beds  thinning  out  and  new  ones  coming  in  between  the 
more  persistent  and  regular  strata  of  shales  and  limestones. 

These  characteristics  being  so  common  to  the  upper  beds  of  so  many 
of  the  limestones  make  it  very  difficult  to  distinguish  these  beds  from 
each  other  and  keep  the  true  position  of  each  throughout  the  vast  ex- 
tent of  country  over  which  some  of  them  come  to  the  surface.  The 
Well  Rock  crops  out  on  Sugar  Creek,  in  Anderson  Co.,  as  a  coarse 
gray,  rough  limestone,  48  feet  thick,  at  the  ford  of  the  Marais  Des 
Cygnes,  on  the  "  Telegraph  Road."  It  is  a  fine  drab  compact  lime- 
stone, 8  feet  thick,  with  an  entire  new  set  of  fossils.  Thence  it  may 
be  traced  from  stream  to  stream  and  slope  to  slope,  till  found  near 
high-Avater  mark  at  Lecompton,  and  in  the  tops  of  the  ridges  at  Law- 
rence. This  last  position  it  holds  in  the  ridges  to  Leavenworth,  where 
it  is  bluish-gray,  brown,  and  subcrystalline. 

The  coal-beds  are  also  thicker  towards  the  south  and  east,  though 
there  are  exceptions  ;  but  the  most  important  irregularity  observed  is 
the  want  of  persistence  or  continuity  in  these  beds.  Along  the  eastern 
edge  of  this  vast  coal-field  ^  the  coal-beds  are  much  more  persistent. 
As  a  general  rule,  the  south-eastern  portion  of  a  coal-bed  is  more  per- 
sistent than  the  north-western,  and  the  lower  beds  more  so  than  the 
upper  ones.  This  is  one  of  the  reasons  why  the  coal  is  so  abundant 
and  can  be  found  with  so  much  certainty  along  the  eastern  outcrop 
of  the  lower  beds,  extending  from  Fort  Gibson  to  Forts  Smith  and 
Scott,  and  thence  across  the  Osage  through  Rates,  Johnson,  and  Saline 
counties  in  Missouri,  and  through  Boone,  Howard,  Randolph,  and  up 
the  Chariton  valley  into  Iowa.  Everywhere  along  this  line  shafts 
can  be  sunk  upon  the  lower  coal-beds  with  an  almost  absolute  cer- 

1  This  coal-field  occupies  a  lar-^e  part  of  the  Indian  Territory  south,  all  eastern 
Kansas,  tlic  north-western  half  of  Missouri  and  southern  Iowa,  and  Routii-eastcrn 
Nebraska.  Its  western  boundary  extends  from  a  point  wc.^t  of  Council  Blufls  in 
an  irregular  line  into  Kansas,  and  thence  through  Manliattan  and  Emporium  and 
south  to  the  Verdigris  and  Fall  Kivcr. 
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tainty  of  success.  But  farther  west,  and  along  the  outcrop  of  the 
upper  beds,  mining  operations  for  coal  will  be  much  more  precarious. 

The  geologist  can  tell  with  certainty  where  the  rocks  containing 
each  coal-bed  can  be  found,  and  at  about  what  depth  ;  but  this  irregu- 
larity, or  want  of  persistence,  in  the  coal-beds  renders  it  somewhat 
uncertain  whether  the  coal  will  be  found  in  its  usual  place. 

But  this  slight  variation  from  the  usual  characters  in  our  coal-beds 
■will  not  much  diminish  the  vast  quantity  of  coal  in  the  State,  or  ren- 
der them  less  important  in  an  economical  point  of  view. 

As  given  in  the  section  of  the  Coal-Measures,  we  have  discovered 
twenty-two  diiferent  beds,  varying  in  thickness  from  a  few  inches  to 
seven  feet. 

Beds  of  Carbonate  of  Iron,  Spathic  Ore,  or  Kidney  Ore,  are  abun- 
dant in  the  middle  and  lower  portions  of  this  formation. 

An  examination  of  the  section  will  show  the  position  of  the  numer- 
ous beds  of  hydravUc  limestone  and  fire-clays  which  have  been  dis- 
covered. 

At  one  locality,  on  Mine  Creek,  a  good  show  of  galena  was  ob- 
served in  the  sandstones  and  shales  of  the  Marais  Des  Cygnes  Coal 
Series. 

Lower  Carboniferous. 

The  rocks  of  this  formation  consist  of  chert,  cherty-conglomerate  at 
the  top,  and  coarse,  gray  limestones  and  hornstones  below.  They  first 
come  to  the  surface  in  a  branch  north  of  Baxter's  Spring,  and  were 
next  seen  at  Baxter's  Spring  and  down  the  branch  to  Spring  River. 
A  thickness  of  120  feet  was  exposed  at  these  places. 

This  is  the  lead-bearing  limestone  of  south-west  IMissouri.  The 
extensive  and  rich  mines  at  Granby,  Centre  Creek,  and  Turkey  Creek, 
east  of  the  State  line,  are  in  these  rocks,  and  these  deposits  and  veins 
of  lead  may  be  expected  in  Kansas  as  well  as  in  Missouri. 

These  are  the  lowest  and  oldest  rocks  in  the  State.  They  occupy 
(he  surfdfce  over  a  small  area  only  in  the  south-east,  and  then  dip 
•  beneath  the  coal-measures  in  their  extension  to  the  north  and  west. 
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4.    Against  the  Supposed   Former  Plasticity  op  the  Pud- 

DINGSTONE      PeBBLES      OF      PUKGATORY,      RhODE      IsLAND. 

By  B.  S.  Lyman,  of  Philadelphia. 

At  the  last  meeting  of  this  Association,  at  Newport,  Mr.  Charles  H.- 
Hitchcock inferred  the  former  plasticity,  under  metamorphosing  in- 
fluences, of  the  pebbles  of  the  Puddingstone,  at  Purgatory,  near  New- 
port, from  their  elongated  shape  and  parallel  arrangement  and  their 
fitting  occasionally  into  the  depressions  of  each  other's  surface.  I 
have  lately  visited  the  locality,  and  feel  bound  to  state  that  I  could  see 
in  the  rock  no  evidence  whatever  of  the  former  plasticity  of  its  peb- 
bles. They  have,  in  every  respect,  the  appearance  of  pebbles  on  our 
present  shingly  beaches,  owing  their  flat  shape  to  the  original  schis- 
tosity  of  their  rocks,  and  perhaps  to  the  fact  that  they  were,  while 
rolled  by  the  water  on  the  beach,  too  near  the  surface  of  the  water  to 
be  frequently  rolled  over  and  over  by  it.  The  parallel  arangement  of 
the  pebbles  in  the  rock  is  but  a  preservation  of  their  natural  position 
on  the  beach.  Moreover,  many  of  them  show  their  original  schistosity, 
and  it  is  in  every  variety  of  direction,  instead  of  being  parallel  in  the 
different  pebbles,  as  it  would  be  if  produced  by  metamorphism  after 
their  deposition  as  pebbles.  The  pebbles  are  in  places  replaced  by  sand, 
making  large  bodies  of  false-bedded  greenish-gray  sandstone,  similar 
to  that  into  which  the  Puddingstone  passes  below  ;  a  sandstone  that  is 
easily  cut,  and  seems  to  be  little  metamorphosed,  if  at  all.  The  whole 
of  the  point  or  ridge  between  Purgatory  and  the  bathing  (or  Easton's) 
beach,  westward,  is  anticlinal  in  structure,  and  the  Purgatory  Pudding- 
stone  appears  also  at  the  east  end  of  the  bathing-beach.  A  good 
thickness  of  the  sandstone  below  appears  at  the  southern  end  of  the 
point,  near  the  middle  of  the  anticlinal  arch.  It  can  be  seen  with  a 
little  difficulty,  but  I  think  plainly,  that  the  rocks  at  Purgatory  dip 
steeply  eastward.  The  rocks  west  of  the  bathing-beach  dip  easterly 
again,  so  that  the  beach  and  little  bay  occupy,  apparently,^  a  simple 
synclinal. 
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II.     BOTANY  AND   ZOOLOGY. 

1.     The  Fruit-bearing   Belt  of  Michigan.     By  Prof.  Alex- 
ander WiNCHELL,  of  Ann  Arbor,  Michigan. 

The  hydrographical  position  of  the  lower  peninsula  of  Michigan 
gives  rise  to  climatic  conditions  which  possess  a  high  degree  of  in- 
terest and  industrial  importance.  The  full  eiFect  of  the  situation  has 
not  been  understood  till  within  a  recent  period ;  and,  so  far  as  its  in- 
fluence upon  the  industry  of  the  State  is  concerned,  is,  to  the  present 
time,  rather  anticipated  than  experienced.  I  refer  to  the  equalizing 
influence  of  the  "  great  lakes  "  upon  the  climate  of  the  State,  especially 
that  of  the  western  slope. 

Lake  Michigan,  being  a  body  of  water  350  miles  long,  and,  on  an 
average,  75  miles  broad,  with  a  depth  of  about  900  feet,  is  enabled  to 
preserve  something  of  that  uniformity  of  temperature  which  character- 
izes the  ocean,  and  exerts  a  similar  influence  upon  the  contiguous 
lands.  The  temperature  of  the  water  in  the  open  lake  never  rises 
above  45°  or  50°,  and  probably  does  not  sink  below  35°  or  40°.  The 
great  body  of  the  lake  is  never  frozen  over.  The  winds  moving  over 
its  surface  are  consequently  warmed  in  cold  weather  and  cooled  in 
warm  weather.  As  the  prevailing  direction  of  the  wind,  both  summer 
and  winter,  is  from  the  westerly  points  of  the  compass,  the  influence 
of  the  lake  is  most  extensively  felt  along  the  eastern  or  Michigan 
shore.  The  amount  of  this  influence  diminishes  toward  the  interior, 
but  is  distinctly  felt,  in  extreme  weather,  in  all  parts  of  the  State.  The 
region  of  country  along  the  lake,  however,  for  a  distance  inland  which 
may  be  put  at  about  40  miles,  enjoys  a  climate  of  a  decidedly  local 
character.  The  amount  of  this  influence,  and  its  importance  upon  the 
agricultural  economy  of  the  State,  induce  me  to  make  this  attempt  to 
direct  more  special  attention  to  the  facts. 

Exact  statistics  of  the  climate  have  not  been  preserved  along  the 
southern  portion  of  this  belt,  from  St.  Joseph  to  the  Grand  Traverse 
region.  The  contrast  in  the  crops  and  general  vegetation,  however, 
on  the  opposite  shores  of  the  lake,  corresponds  to  a  very  considerable 
difference  in  the  extremes  of  the  climates.     When  the  thermometer  is 
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40°  below  zero  at  Janesville,  AVisconsin,  it  is  30°  below  *xt  Chicago, 
and  20°  below  at  Kalamazoo,  45  miles  east  of  the  southern  portion  of 
the  lake.  During  the  prevalence  of  the  severest  cold  of  last  winter,  the 
mercury  stood  from  15°  to  20°  lower  at  Milwaukie  than  at  Grand 
Haven,  immediately  opposite. 

In  the  northern  portion  of  the  belt  under  consideration,  reliable 
meteorological  statistics  have  been  preserved.  ■  This  region  is  known 
as  the  "  Grand  Traverse  region,"  and  lies  around  the  bay  of  that 
name,  —  a  navigable  arm  of  Lake  Michigan,  projecting  southwards 
into  the  interior  a  distance  of  35  miles,  and  having  a  mean  breadth  of 
about  10  miles.  This  region  has  a  mean  latitude  of  about  45°,  with  a 
mean  elevation  above  the  sea  of  about  800  feet.  It  lies  in  nearly  the 
same  latitude  as  Nova  Scotia,  the  middle  of  Maine,  northern  Vermont 
and  New  York,  and  St.  Paul,  Miimesota.  Having  recently  reported 
at  length  upon  the  physical  features  of  this  region,  I  shall  refer  to  that 
report  for  details.^  I  propose  to  cite  here  only  a  few  genex'al  conclu- 
sions from  the  facts  in  my  possession. 

I  have  directed  special  attention  to  the  winter  climate,  since  this  is 
the  season  which,  in  high  latitudes,  is  generally  regarded  as  exerting 
the  most  unfavorable  influences  upon  vegetable  and  animal  life.  I 
have  taken  a  series  of  thermometrical  observations,  kept  at  Traverse 
City,  at  the  head  of  Grand  Traverse  Bay,  and  compared  them  with 
observations  reported  from  various  other  localities  east  and  Avest,  which 
lie  nearly  in  the  same  latitude,  and  with  other  localities  two  or  three 
degrees  further  south.  The  localities  selected  as  lying  nearly  in  the 
latitude  of  Traverse  City  are  Manitowoc,  Wis.,  Hazlewood,  Minn.,  St. 
Johnsbury,  Vt.,  Gardiner,  Me.,  and  Montreal,  C.  E.  As  representa- 
tives of  more  southern  localities,  I  have  chosen  Ann  Arbor,  Mich., 
Janesville,  Wis.,  and  Dubuque,  Iowa. 

Of  the  co-latitudinal  localities  it  will  be  observed  that  Manitowoc  is 
located  immediately  on  the  western  shore  of  Lake  Micliigan,  and  has 
Green  Bay  lying  not  over  35  miles  to  the  north.  It  necessarily  ex- 
periences, therefore,  some  modification  of  its  winter  climate  from  the 
influence  of  those  large  bodies  of  water.  In  this  respect,  it  seems  even 
to  be  more  favored  than  Milwaukie,  75  miles  further  south,  which  has 
colder  winters,  —  the  difference,  perhaps,  being  the  measure  of  the  in- 


1 "  The  Grand  Traverse  Region."     By  A.  VVinchclI,  18G6. 
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fluence  of  Green  Bay  upon  the  winter  climate  of  Manitowoc.  Hazle- 
•wood,  Montreal,  and  St.  Johnsbury  are  situated  inland,  and  may  be 
taken  as  fairly  representing  the  continental  temperature  on  their  pai'- 
allels,  as  unmodified  by  large  bodies  of  water. 

The  comparisons  instituted  have  been  of  three  kinds:  (1.)  Between 
the  mean  temperatures  of  the  wintry  months,  embracing  December, 
January,  February,  and  March.  (2.)  Between  the  mean  minima  oi 
the  several  wintry  months.  (3.)  Between  the  extreme  minima  of  the 
several  wintry  months.  The  following  is  an  abstract  of  the  results  of 
such  comparisons :  — 

The  adaptation  of  a  winter  climate  to  the  safe  wintering  of  fruit- 
trees  and  farm  crops  is  not  indicated  by  the  mean  temperature  of 
the  winter,,  nor  by  the  mean  temperatures  of  the  several  months. 
Nevertheless,  when  this  comparison  is  made,  we  perceive  that  the 
climate  of  "  Traverse  City  "  is  milder  than  that  of  any  of  the  locali- 
ties brought  into  comparison  with  it.  In  the  month  of  December, 
Manitowoc  is  over  1°  colder;  Hazlewood,  12^°;  St.  Johnsbury,  8^° ; 
Gardiner,  5^°  ;  Montreal,  7°  ;  Ann  Arbor,  1^°  ;  Janesville,  2|°;  Du- 
buque, 1°. 

In  the  month  of  January,  Manitowoc  is  2;^°  colder  than  Traverse 
City;  Hazlewood,  15|°  colder;  St.  Johnsbury,  5°  ;  Gardiner,  5^°; 
Montreal,  10|°  ;  Ann  Arbor,  3°;  Janesville,  11^°;  Dubuque,  2°. 

In  the  month  of  February,  Manitowoc  is  half  a  degree  warmer  than 
Traverse  City;  Hazlewood,  10^°  colder;  St.  Johnsbury,  9|^° ;  Gardi- 
ner, 4^° ;  Montreal,  6°  ;  Ann  Arbor,  4°  ;  Janesville,  4°  ;  Dubuque, 
2°. 

In  the  month  of  March,  the  meati  of  the  more  southern  localities 
begins  to  feel  the  influence  of  occasional  warm  southerly  and  south- 
westerly winds,  while  Traverse  City  is  still  environed  by  the  winter 
temperatures,  imprisoned  in  the  ice  of  the  bay. 

It  is  the  extremes  of  winter  temperature  which  produce  such  frequent 
destruction  of  the  more  delicate  varieties  of  fruit-trees.  On  com- 
paring the  mean  minima  of  the  several  places  for  the  cold  months  of 
the  year,  we  obtain  the  following  results :  In  December,  the  mean 
minimum  of  Manitowoc  is  4°  lower  than  at  Traverse  City ;  of  Hazle- 
wood, 15^°  lower;  of  St.  Johnsbury,  23^°;  of  Gardiner,- 13^°';  of 
Montreal,  15° ;  of  Ann  Arbor,  1° ;  of  Janesville,  8|°  ;  of  Dubuque, 
3f. 
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In  January,  the  mean  minimum  of  Manitowoc  is  5j°  below  that  of 
Traverse  City;  of  Hazlewood,  18^°;  of  St.  Johnsbury,  17^°;  of 
Gardiner,  \"\°  ;  of  Montreal,  16^°;  of  Ann  Arbor,  5^^"^ ;  of  Janes- 
ville,  17°;  of  Dubuque,  3°. 

In  February,  the  mean  minimum  of  Manitowoc,  for  the  years 
compared,  is  3°  higher  than  at  Traverse  City ;  of  Hazlewood,  9° 
lower;  of  St.  Johnsbury,  14|°  lower;  of  Gardiner,  1°  higher;  of 
Montreal,  8^°  lower;  of  Ann  Arbor,  the  same;  of  Janesville,  12^° 
lower  ;  of  Dubuque,  f  °  lower. 

The  mean  minimum  of  March  is  lower  for  every  one  of  the  places 
compared  with  Traverse  City. 

The  favorable  character  of  the  climate  of  Traverse  City  is  placed  in 
a  still  stronger  light  if  we  compare  the  extreme  minim,a  for  a  series  of 
years.  The  mean  minimum  may  be  of  moderate  severity,  wliile  on 
one  or  two  occasions  in  the  course  of  the  winter,  or  still  more  likely, 
within  a  range  of  five  or  six  years,  the  mercury  may  sink  to  the  de- 
structive limit.  The  extreme  minimum  of  Manitowoc  compared  with 
that  of  Traverse  City  is  found  to  be,  in  the  month  of  December,  10° 
lower;  of  Hazlewood,  22° ;  of  St.  Johnsbury,  28°  ;  of  Gardinei-,  19°  ; 
of  Montreal,  26°;  of  Ann  Arbor,  3°;  of  Janesville,  14o  ;  of  Du- 
buque, 10°. 

In  January,  the  extreme  minimum  of  Manitowoc  is  8°  lower  than  at 
Traverse  City ;  of  Hazlewood,  18° ;  of  St.  Johnsbury,  26° ;  of 
Gardiner,  18°;  of  Montreal,  16°  ;  of  Ann  Arbor,  10°  ;  of  Janesville, 
15°  ;  of  Dubuque,  6°. 

In  February,  the  extreme  miriimum  of  Manitowoc  is  1°  lower  than 
of  Traverse  City ;  of  Hazlewood,  13°;  of  St.  Johnsbury,  16°;  of 
Gardiner,  3°  ;  of  Montreal,  22°;  of  Ann  Arbor,  1°  higher;  of  Janes- 
ville, 9°  lower  ;  of  Dubuque,  5°  lower. 

It  thus  appears  that,  under  every  point  of  view,  the  winter  Climate 
of  Traverse  City  is  materially  milder  than  tliat  of  other  places  in  the 
same  latitude,  either  east  or  west.  It  is  materially  milder  than  that  of 
places  2^  degrees  further  south.  The  minimum  range  of  the  ther- 
mometer being  but  15°  below  zero,  it  does  not  reach  the  point  at 
which  peach-trees  are  injured  ;  and,  in  this  respect,  the  winter  climate 
compares  favorably  with  that  of  middle  Ohio,  Indiana,  and  Illinois. 
Indeed,  tl»e  winter  extremes  for  ten  years  past,  during  which  peach- 
trees  have  been  growing  in  the  Grand  Traverse  region,  have  been 
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less  than  at  Cincinnati  or  St.  Louis,  or  even  Memphis  in  Tennessee. 
During  the  memorable  "cold  spell  of  New- Year's,  18G4,"  the  ther- 
mometer is  reported  to  have  sunk  at  Milwaukie  and  Janesville,  Wis- 
consin, to  40°  below  zero;  at  Chicago,  to  29°  below ^  at  Kalamazoo, 
Michigan,  to  20°  below  ;  at  St.  Louis,  to  24°  below,  and  at  Memphis, 
"Tenn.,  to  16°  below  ;  while  at  Traverse  City,  it  only  reached  14° 
below,  and  at  Northport,  at  the  mouth  of  the  bay,  the  same  ;  and 
ranged  as  low  as  zero  only  on  two  different  days.  This  cycle  of 
cold  weather,  which  extended  over  the  entire  north-west,  and  destroyed 
or  damaged  fruit-trees  in  every  north-western  State,  caused  no  damage 
whatever  in  the  Grand  Traverse  region. 

Other  comparisons  are  no  less  surpi'ising  than  those  which  have  just 
been  made.  Autumnal  frosts  are  postponed  to  a  remarkably  late 
period.  Unlike  other  regions,  frost  seldom  appears  till  the  mercury 
reaches  32°.  The  first  killing  frosts  ordinarily  occur  throughout  the 
region  between  the  middle  and  end  of  October.  Sometimes  they  are 
delayed  till  late  in  November.  The  first  damaging  frost  occurred,  last 
fall,  on  the  night  of  the  28th  of  October.  On  the  5th  of  November  it 
froze  again.  At  the  same  time  the  mercury  sunk  to  24°  at  Ann  Arbor, 
and  to  zero  at  Bangor,  in  Maine.  I  saw  the  forests  of  the  Grand  Trav- 
erse region  still  green,  while  those  of  the  southern  portion  of  the  State 
were  browned,  or  completely  defoliated. 

Snow  falls  in  November  or  December  before  the  ground  has  been 
materially  frozen,  and  lies,  without  thawing,  until  the  following  April. 
The  soil  consequently  escapes  fi-eezing  throughout  the  entire  wintex*, 
so  that  root  crops  may  be  left  out  without  damage.  Potatoes  are  thus 
frequently  wintered  without  digging,  and  those  ordinarily  left  in  the 
ground  propagate  themselves  from  year  to  year,  and  become  natural- 
ized. In  the  same  manner,  the  tubers  of  dahlias  remain  in  the  earth 
with  impunity,  and  delicate  green-house  roses  stand  out  with  greater 
security  than  in  Alabama  and  Louisiana. 

The  snow  disappears  about  the  10th  of  April,  and  the  ice  in  the  bay 
breaks  up  about  the  same  time.  By  this  time  the  season  is  so  far  ad- 
vanced that  the  influence  of  the  water  is  capable  of  resisting  any  sub- 
sequent tendency  to  severe  frost.  No  frost,  deti'imerutal  to  farm  crops, 
is  liable  to  occur  later  than  the  middle  of  May. 

The  facts  which  I  have  thus  disclosed  touching  the  winter  climate 
of  the  Grand  Traverse  region,  are  well  calculated  to  excite  surprise. 
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The  equalizing  influence  of  the  lake  is  much  greater  than  is  gener- 
ally supposed  ;  and  the  whole  belt  of  country  bordering  it  on  the  east 
is  affected  by  its  hydrographical  position,  much  like  the  peninsula  of 
Florida,  Sweden,  and  the  British  Islands.  In  the  Grand  Traverse 
region  the  body  of  water  is  greatly  augmented  by  the  bay,  which 
reaches  its  two  arms  thirty-four  miles  into  the  interior.  Moreover, 
the  triangle  formed  by  Leelanau  county  is  embraced  by  two  large 
bodies  of  water,  and  enjoys  a  situation  unlike  that  of  any  other  portion 
of  the  north-western  States. 

There  is  one  circumstance  which  affords  the  Grand  Traverse  region 
a  greater  amount  of  protection  than  is  experienced  by  the  St.  Joseph 
region.  The  most  destructive  winds  in  that  part  of  the  country  pro- 
ceed from  the  south-west ;  and  the  peculiar  curvature  of  the  lake  is 
such,  that  south-west  winds,  striking  the  Grand  Traverse  region,  must 
have  traversed  nearly  the  whole  length  of  the  lake ;  which  is  not  the 
case  with  points  further  south. 

Moreover,  it  will  be  observed  that  the  Grand  Traverse  region  is 
measurably  protected  from  cold  easterly  winds.  By  the  narrowing  of 
the  Michigan  peninsula,  in  that  part  of  the  State,  the  influence  of  Lake 
Huron  is  felt  during  easterly  storms ;  and  the  triangle  of  Leelanau 
county  experiences,  also,  the  special  protection  of  the  bay.  As,  in  this 
part  of  the  country,  the  thermometer  occasionally  sinks  very  low  with 
a  strong  easterly  wind,  protection  from  this  quarter  becomes  a  most 
important  consideration. 

A  region  defended,  like  that  along  the  eastern  shore  of  Lake  Michi- 
gan, from  the  extreme  vicissitudes  of  our  northern  winters,  and  pre- 
served equally  from  the  torrid  heats  and  protracted  drouths  of  our 
southern  summers,  would  seem  to  be  favorably  situated  for  drawing 
forth  the  utmost  capabilitiet  of  the  soil.  As  it  is  obvious  that  a  favor- 
able soil  is  an  essential  condition  to  the  full  effect  of  so  propitious  a 
climate,  I  ought  to  add  that  on  the  immediate  shore  of  the  lake  the 
soil  is  generally  sandy,  and  covered  by  a  forest  growth  consisting  of 
evergreen  and  deciduous  trees  intermixed.  From  half  a  mile  to  three 
miles  inland,  the  soil  becomes  more  loamy ;  and  in  Newaygo,  Oceana, 
and  Mason  counties,  receives  an  ample  suj)ply  of  calcareous  mate- 
rial from  the  mountain  limestone  which  uijderlics.  In  the  Grand 
Traverse  region  the  soil  is  a  calcareous  sandy  loam,  derived  from  the 
disintegration  of  the  arenaceous  limestones  and  shales  of  the  Hamilton 
Vol.  XV.  12 
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group  which  outcrop  in  Little  Traverse  Bay,  and  dip  southward  under 
the  Grand  Traverse  region.  This  soil  is  of  an  admirable  quality  for 
general  agricultural  purposes.  It  is  covered  by  a  very  heavy  growth 
of  sugai'-maple,  beech,  rock-elm,  and  white-ash,  with  magnificent  hem- 
locks locally  interspersed.  As  a  general  rule,  there  is  no  pine  and  no 
swamp  land.     The  whole  region  is  elevated  and  rolling. 

The  entire  belt,  from  the  head  of  Lake  Michigan  to  Little  Traverse 
Bay  and  perhaps  beyond,  is  well  adapted  to  the  production  of  the 
more  delicate  varieties  of  fruits.  Peaches  and  sweet  cherries  (Cerastes 
avium)  are  uniformly  successful  throughout  the  whole  extent  of  the 
region ;  though  it  is  probable  that  the  progress  of  the  clearing  of  the 
forests  will  create,  as  in  the  older  portions  of  this  State,  a  greater  lia- 
bility to  extremes,  especially  in  the  southern  and  eastern  borders  of  the 
belt.  For  the  present,  these  fruits  are  successfully  cultivated  as  far  east 
as  Kalamazoo  and  Grand  Rapids.  In  the  interior  and  eastern  portions 
of  the  State,  they  are  a  failure  four  years  out  of  five.  "  The  St.  Joseph 
region,"  as  it  is  styled,  has  for  some  years  been  acquiring  celebrity  as  a 
peach-producing  country.  The  crops  that  have  been  raised  are  almost 
incredible,  though  I  am  not  prepared  to  furnish  definite  statistics.  More 
recently  it  has  been  demonstrated  that  the  peach  flourishes  equally  well 
as  far  north  as  Grand  Rapids  and  Grand  Haven ;  and  large  invest- 
ments are  being  made  in  this  culture.  From  the  statistics  of  the  "  Lake 
Shore  Horticultural  Association,"  I  learn  that  there  are  already  under 
cultivation,  in  the  immediate  vicinity  of  Grand  Haven,  7,603  apple- 
trees ;  1,286  pear-trees;  26,580  peach-trees,  of  which  12,664  were  set 
last  spring.  Of  plum,  nectarine,  apricot,  and  quinc'e  trees,  there  are  756. 
There  are  18,693  grape-vines,  of  which  1,700  are  bearing,  and  14,993 
newly  set.  These  trees,  and  many  others  which  I  have  recently  ex- 
amined, are  in  a  state  of  health  and  vigor  Vhich  cannot  be  surpassed. 
At  Muskegon,  and  in  that  vicinity,  I  observed  that  peach  and  cherry 
trees  were  laden  with  fruit  in  the  middle  of  July  of  this  year  ;  though 
both  crops  are  a  complete  failure  through  the  eastern  part  of  the  State, 
and  as  far  south  as  Tennessee,  according  to  my  own  observation.  Still 
further  north,  in  the  Grand  Traverse  region,  it  seems  to  be  completely 
demonstrated  that  these  fruits  are  destined  to  be  as  successfully  cultiva- 
ted as  in  the  St.  Joseph*region.  As  a  fruit-growing  region,  I  doubt 
whether  any  other  portion  of  the  United  States,  east  of  the  Rocky 
Mountains,  will  be  able  to  compete  with  it.    It  has  been  a  complete 
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surprise  to  the  inhabitants  to  learn  peaches,  apples,  grapes,  pears,  rasp- 
berries, strawberries,  and  other  fruits,  can  be  cultivated  with  success. 
The  discovery  has  given  a  wonderful  impetus  to  this  branch  of  enter- 
prise ;  and,  unless  my  judgment  greatly  misleads  me,  we  shall  hear  of 
the  Grand  Traverse  region,  within  ten  years,  as  the  fruit-orchard  of 
the  country;  and  shrewd  men, with  horticultural  tastes  and  a  moderate 
amount  of  means,  will  thank  me  for  directing  attention  to  this  open 
avenue  to  wealth. 

P.  S.  —  Since  the  foregoing  paper  was  read,  I  have  been  informed 
by  Dr.  I.  A.  Lapham,  of  Milwaukie,  that  the  themometer  sank  at  that 
place  only  to  — 30°  on  the  first  of  January,  1864.  I  have  also  received 
his  chart  of  the  summer  and  winter  isothermal  lines  which  cross  Lake 
Michigan,  showing  that  the  lake  affects  the  climate  very  perceptibly, 
even  in  the  region  lying  to  the  westward.  In  comparing  the  meteoro- 
logical means  of  Traverse  City,  therefore,  with  localities  in  Wisconsin 
and  Minnesota,  the  contrasts,  though  well  marked,  are  not  so  salient  as 
if  the  comparisons  had  been  made  with  localities  quite  removed  from 
the  interference  of  the  great  lakes.  The  windward  position  of  Wis- 
consin, however,  during  our  coldest  storms,  would  prevent  the  extreme 
minima  of  the  climate  from  receiving  any  alleviation  from  the  prox- 
imity of  the  lake. 


2.  SxROMATOPORIDiE  :  THEIR  STRUCTURE  AND  ZOOLOGICAL  AF- 
FINITIES. By  Prof.  Alexander  Winchell,  of  Ann  Arbor, 
Michigan.    . 


A  RECENT  investigation  of  the  organic  remains  of  Little  Traverse 
Bay,  in  the  State  of  Michigan,  has  caused  my  attention  to  be  directgfi 
to  the  nature  and  zoological  relations  o|"  the  Goldfussian  genus  Stroma- 
topora.  Without  attempting  to  present  a  synopsis  of  the  literature  of 
the  subject,  or  even  to  enter  upon  a  full  discussion  of  the  organic  na- 
ture of  the  beings  embraced  under  the  genus,  I  desire  to  present  a  few 
suggestions,  based  on  some  interesting  facts  that  have  come  under  my 
observation. 

The  genus  Stromatopora  was  first  briefly  characterized  by  Goldfuss 
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about  the  year  1827  (Petrefacta  Germainai,  L,  p.  21),  in  the  following 
words  :  — 

'■'■  Polyparium  hemisphcericum  s.  subglohosum,  e  stratis  solidis  et  fim- 
ffoso-porosis  alternantihis  contiguis" 

The  first  species  described  was  S.  concentrica  from  the  Devonani 
limestone  of  the  Eifel :  "  S.  stratis  coneentricis  infundihidiformis  un- 
datis." 

Save  that  the  author  seems  to  have  contemplated  the  object  in  an 
inverted  position,  and  thus  to  have  figure^  it,  the  description  of  this 
species  will  apply  to  a  large  proportion  of  the  massive  Stromatojyorce 
that  have  been  since  observed.  Accordingly  we  find  that  authors  have 
been  in  the  habit  of  referring  to  this  species  a  wide  range  of  distin- 
guishable forms  from  various  different  formations. 

In  his  remarks  upon  this  species,  Goldfuss  says,  it  sometimes 
attains  a  diameter  of  several  feet.  The  funnel-form  layers  fit  into 
each  other  in  such  manner  that  the  inner  and  upper  gradually  become 
smaller  and  flatter.  The  outer  are  generally  undulated.  All  together 
form,  with  their  outcropping  edges,  the  even,  concentrically  furrowed 
upper  surface  of  the  coral-body.  With  a  magnifier  one  is  able  to  dis- 
cover that  the  basis  of  the  thicker  beds  is  a  complicated  net-work, 
while  the  spongy  intervening  beds  are  composed  of  coarse  interwoven 
fibres. 

At  a  later  period  (Petr.  Germ.  I.,  p.  215),  the  learned  author  pre- 
sented the  results  of  his  investigation  of  the  various  forms  which  he 
brought  together  under  the  name  of  Stromatopora  vplymorpha.  He 
remarks  that  while  the  study  of  the  former  species  had  led  him  to  as- 
sociate it  with  true  corals,  giving  it  a  position  between  millepores  and 
madrepores,  his  later  studies  led  him  to  range  Stromatopora  under  the 
ajBonges.  *S.  polymorpha  was  described  as  being  primarily  a  thin 
incrustation  of  spongy  matter  jieposited  upon  a  coral,  shell,  or  other 
submarine  body,  preserving  on  its  exterior  all  the  inequalities  of  the  sup- 
porting body.  Upon  this  successive  layers  of  similar  matter  were  de- 
posited, until  the  organism  assumed  its  destined  form,  and  the  primi- 
tive body  dissolved  away,  leaving  a  cavity  in  its  place.  Partly  through 
the  inequalities  of  the  primitive  body,  and  partly  through  the  unequal 
deposition  of  the  successive  spongy  layers,  the  surface  became  tuber- 
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culated,  warty,  or  even  cylindrically  or  ramosely  elevated.  Through 
weathering  and  attrition,  the  summits  of  these  eminences  became  worn 
down  through  one  or  more  of  the  layers,  so  as  to  exhibit  concentric 
rings.  The  summits  and  their  vicinity  acquire  chinks  or  fissures,  as 
the  learned  author  expresses  it,  which  penetrate  the  first  beds  of  the 
net-work,  and  thus  form  vermicularly  diverging  furrows.  The  apex  of 
the  tubercle  is  frequently  perforated  by  a  hole,  which,  in  some  in- 
stances, is  considerably  enlarged  and  surrounded  by  one  or  more  series 
of  smaller  boles. 

This  organism,  in  its  various  states  of  growth  and  weathering,  pre- 
sents the  varied  forms  which  the  author  had  previously  described  as 
Tragos  capitatum,  and  Ceriopora  verrucosa,  —  in  some  instances,  also, 
bringing  out  the  characters  of  Mermecium  and  Siphonia,  —  facts  which 
lead  him  to  conclude  with  the  just  reflection  that  in  the  classification 
of  organic  bodies  we  must  be  guided  by  the  essential  organic  structure  ; 
for  mere  surface  physiognomy  is  capable,  as  in  this  case,  of  leading  to 
the  admission  of  several  genera  within  the  limits  of  even  a  single 
species. 

In  1839  Lonsdale,  besides  characterizing  a  new  species  (S.  mwimu- 
litisimilis),  having  a  flattened,  discoidal  form,  from  the  Wenlock  lime- 
stone, identified  S.  concentrica,  from  the  Wenlock  limestone  and  shale 
(Silurian  System,  pp.  680-1,  pi.  xv.,  figs.  31  and  32).  The  latter 
was  properly  made  a  new  species  by  D'Orbigny  in  1847,  under  the 
name  of  S.  striatella,  in  consequenoe  of  the  much  greater  compression 
of  its  layers  (Prodrome  de  Pal.  I.,  p.  51)  ;  and  this  change  was  adopted 
by  McCoy  in  1851  and  by  Murchison  in  1859  (Siluria,  p.  210).  It 
is  a  massive  coral,  like  S.  concentrica,  and  is  generally  represented  as 
growing  around  some  submarine  organic  body. 

In  1847  Prof.  Hall  characterized  the  genus  Stromatocerium  to  re- 
ceive an  obscure  species  from  the  Black  River  limestone,  which  he 
named  S.  rugosum  (Pal.  N.  Y.,  I.  p.  48,  pi.  xii.,  fig.  2).  Judging 
from  the  description  and  figures,  this  fossil  is  completely  congeneric 
with  Slromatopora  concentrica,  and  has  been  so  regarded  by  D'Or- 
bigny, Pictet,  Billings,  and  others.  , 

In  the  same  year,  D'Orbigny  separated  the  tuberculated  and  mam- 
millated  forms  of  S.  pohjmorpha  as  constituted  by  Goldfuss,  and 
established  for  their  reception  the  new  genus  Sparsispongia  with  the 
species  S.  polymorpha,  radiosa,  and  ramosa  (Prod,  de  Pal.  I.,  p.  109). 
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Pictet  has  admitted  this  genus  and  made  it  the  type  of  a  tribe  of 
sponges  (Paleont.  IV.,  p.  548),  while  McCoy  indentifies  it  with  Cau- 
nopora  of  Phillips. 

In  1851  Prof.  McCoy  investigated  /Slfroma/ojoorffi,  and  controverted, 
the  general  impression  that  they  are  sponges,  since  the  whole  mass, 
being  composed  of  rigid,  though  vesicular,  curved  plates,  would  be  in- 
capable of  those  systolic  and  diastolic  motions  essential  to  the  life  of  a 
sponge.  On  the  other  hand,  he  detected  in  the  intercellular  structure 
of  Palceopora,  MstuHpora,  etc.,  something  analogous  to  the  vesicular 
structure  of  Stromatopora,  and  thought  he  discovered,  also,  some  faint 
indications  of  the  existence  of  individual  polyp  cells.  He  accounted 
for  the  absence  of  cell-walls  by  the  supposed  exserted  position  of  the 
polyp,  as  in  Goniopora.  He  accordingly  places  Stromatopora  in  the 
TubiporidcB,  near  Mstulipora  (Brit.  Pal.  Foss.,  p.  12).  He  regards 
Caujiopora  as  a  sub-genus  of  Stromatopora. 

In  1862  Mr.  Billings  described  a  second  species  —  S.  compacta  — 
from  the  Black  River  limestone  (Paleozoic  Foss.,  p.  55),  which  differs 
from  S.  rugosa  as  S.  striatella  does  from  S.  concentrica.  Mr.  Billings 
first  ranged  these  organisms  under  Amorphozoa,  but  from  later  exam- 
inations he  states  that  he  was  led  to  regard  them  as  corals  allied  to 
FistuUpora  (lb.,  p.  213). 

It  may  be  further  stated  that  Geinitz  places  a  portion  of  the  Stro- 
matoporce  under  Madrepora  (Versteinerungs-kunde,  p.  580),  and 
others  under  Nullipora  (lb.,  p.  583)  ;  Agassiz  places  them  under  Mil- 
leporina  (Nomenclator  Zool.)  ;  Bronn,  under  Bryozoa  (Index,  Pal.  II., 
p.  1203)  ;  Pictet,  under  Spongiaires  (Paleont.  iv.,  p.  556)  ;  while 
Dana,  in  one  instance,  ranges  Stromatopora  under  Bryozoa  (Man. 
Geol.,  p.  191),  and  in  another,  under  Radiates  (lb.,  p.  240). 

I  now  proceed  to  give  the  results  of  my  own  observations  upon  the 
four  species  discovered  in  the  Hamilton  group  of  Michigan  and  Ohio, 
and  recently  described  in  my  report  on  the  "  Grand  Traverse  Region," 
pp.  90-1. 

Stromatopora  pustuUfera  is  a  species  which  occurs  in  large,  spheroi- 
dal, ovoid,  or  elongate  masses,  composed  of  arching,  transverse,  con- 
centric layers  formed  of  laminae  of  coralline  substance,  separated  by  a 
net-work  of  minute  passages,  which,  at  intervals,  coalesce  and  turn 
upwards  through  the  bed,  radiating  and  ramifying  again  on  its  upper 
side.     The  places  where  the  beds  are  thus  traversed  are  raised,  on  the 


BOTANY    AND-   ZOOLOGY.  95 

upper  side,  into  little  eminences.  The  distinction  into  beds  is  produced 
by  variations  in  the  density  of  the  coralline  substance.  Masses  of 
coral  occur,  several  feet  in  length,  and  even  in  diameter.  The  dis- 
tance of  the  pustules  4  millimetres,  or  .16  inch;  and  the  mean  thick- 
ness of  the  laminjB  one-fifth  of  a  millimetre,  or  .008  inch. 

Stromatopora  monticulifera  has  a  structure  and  form  like  the  pre- 
ceding, but  differs  therefrom  in  the  much  larger  and  more  remote 
eminences  on,  the  upper  surfaces  of  the  concentric  beds,  and  in  the 
larger  and  more  distinctly  radiating  character  of  the  passages  which 
diverge  from  the  apices  of  the  monticules.  These  passages,  on  the  ex-  , 
posed  surface,  are  little,  flexuous,  somewhat  branching  furrows,  which 
diminish  in  size  and  disappear  within  5  millimetres  or  .2  inch.  The 
distance  of  the  monticules  is  from  7  to  10  millimetres.  This  coral  at- 
tains a  diameter  of  at  least  3^  metres  or  12  feet.  I  have  found  it  in 
Little  Traverse  Bay,  on  the  west  side  of  the  State  ;  on  Thunder  Bay 
Island,  on  the  east  side  ;  and  on  Kelly's  Island,  near  Sandusky,  Ohio. 

The  two  species  thus  described  evidently  possess  some  affinity  with 
the  verrucose  forms  embraced  by  Goldfuss  under  S.  polymorpha,  and 
separated  by  D'Orbigny  under  his  genus  Sjiarsispongia.  The  dis- 
tinct, vermicular  perforations  suggest,  also,  an  affinity  with  Caunopora, 
Phillips.  The  great  regularity  and  persistence  of  the  eminences,  how- 
ever, render  it  impossible  to  account  for  them,  as  Goldfuss  did,  by  an 
unequal  deposition  of  coralline  substance,  or  by  oi'iginal  inequalities  in 
the  primitive  body  upon  which  the  corallum  was  formed.  Indeed, 
though  I  have  seen  ship-loads  of  these  corals,  I  have  never  detected 
evidence  that  they  were  in  any  sense  incrusting.  The  concentric 
layers  are  Qply  segments  of  circles  passing  transversely  across  the 
spheroidal,  or  more  often  elongated  mass,  —  many  of  which  I  have 
seen  standing  erect  in  the  face  of  an  escarpment,  with  the  ruins  of 
other  beings  and  other  generations  strewn  arojind  them.  The  debris 
of  these  organisms  have  formed  literal  coral  reefs,  and  constitute,  in 
Little  Traverse  Bay,  almost  the  entire  mass  of  a  bed  of  huffish  lime- 
stone twenty-five  feet  in  thickness. 

Neither  can  I  agree  with  Goldfuss,  that  the  radiating  furrows  and 
perforations  are  caused  by  attrition  or  disintegration  of  the  apica 
portions  of  the  eminences.  They  are  always  most  distinct  on  the 
freshly  exposed  surfaces^  and  show  as  well  on  the  under  side  as  the 
upper  side  of  the  layers. 
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The  third  species  which  I  have  described  is  Stromatopora  mix. 
This  occurs  in  moderate-sized  spheroidal,  sometimes  contiguous  and 
coalesced  masses,  formed,  unlike  the  foregoing  species,  by  accretions  on 
all  sides,  and  is  often  seen  to  be  parasitic.  The  external  surfaces  of 
the  layers  are  not  pustulose.  Masses  occur  from  2^  to  12  centimetres, 
or  1  to  5  inches,  in  diameter.  This  species  has  also'  been  recognized 
on  Kelly's  Island. 

This  is  one  of  the  species  commonly  referred,  in  tlys  country,  to 
S.  concentrica,  Goldf. ;  but  I  do  not  believe  that  species  exists  in 
America.  S.  nux  differs  from  S.  concentrica  in  the  same  manner  that 
S.  striatella  does ;  but  the  latter  is  an  Upper  Silurian  and  a  European 
species,  and  I  should  hesitate  to  unite  it  with  S.  nux. 

Lastly,  a  most  unexpected  and  remarkable  form  has  come  under 
my  observation,  which  I  have  described  as  S.  ccespitosa.  In  general 
ensemble  it  looks  like  a  large,  cespitosely  bi'anching  Cyathophylloid 
coral.  The  stems  are  externally  in  contact,  or  15  to  25  millimetres 
apart.  A  longitudinal  section  shows  the  characteristic  layers  arching 
across  the  stem  and  resembling  S.  pustulifera  in  miniature.  A  trans- 
verse section  exhibits  a  radiating  structure,  as  in  Cyathophyllidce  ;  but 
there  is  no  outer  wall  or  definite  limitation  to  the  structure,  and  the  in- 
terior is  completely  filled  with  concentric  circles  of  coralline  substance, 
except  a  small  perforation  in  the  centre.  The  exterior  is  longitudi- 
nally vermicular-striate.  Diameter  of  stem  4^  to  1\  millimetres,  or 
.18  to  .30  inch.  It  occurs  in  masses  from  6  to  9  decimetres,  or  3  to 
4  feet  in  diameter. 

I  think  there  can  be  no  doubt  that  this  species  conforms  to  Stroma- 
topora, as  defined  by  Goldfuss  and  McCoy.  It  possesses  tjie  concentric 
and  reticulated  layers  of  S.  concentrica,  pustulifera,  and  monticuUfera. 
It  is  not  enveloping,  like  the  former,  but  presents  an  exaggerated  con- 
dition of  the  unwalled  pile  of  layers  characterizing  the  two  latter 
species.  On  the  contrary,  the  ensemble  is  that  of  a  Cyathophylloid, 
and  ti'aces  of  radial,  lamellar  lines  are  actually  present,  producing  ir- 
regular longitudinal  striae  on  the  exterior.  It  seems  to  possess,  there- 
fore, undoubted  affinities  with  those  genera  of  Cyathophyllidce  in  which 
the  mural  system  is  feebly  developed,  and  the  diaphragms  and  lamel- 
lae tolerably  well  represented.  In  short,  it  seems  to  exhibit  a  transition 
from  Stromatopora  proper  to  Cyathophyllidce. 

The  affinities  of  this  species  with  S.  pustulifera  and  monticuUfera 
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cany  the  two  latter  also  into  the  group  of  Zoantharia.  These  two 
species,  moreover,  in  their  x-egularly  distributed  eminences,  with  their 
apical  perforations  and  vermicularly  radiating  channels,  preserving  a 
vertical  relationship  of  structure,  in  straight  lines,  through  hundreds  of 
the  concentric  layers,  show  that  their  -upper  surfaces  have  been  locally 
and  regularly  differentiated  through  individualized  portions  of  the  sar- 
coid mass.  In  other  words,  each  eminence  answers  to  a  polyp-cell. 
The  radiating  channels  have  some  reference  to  a  septal  sj^^tem,  which 
in  aS'.  ccespitosa  comes  into  still  more  visible  existence.  The  dia- 
phragms become  confluent  in  contiguous  polyp-cells,  as  in  Dcmia  and 
some  other  genera,  and  as  becomes  the  case  with  the  lamellas  of  Smithia 
and  PhiUipsastrcea.  In  ^S*.  concentrica  we  have  a  more  degraded 
condition  of  the  same  fundamental  structure.  The  specialization  of 
the  surface  is  visibly  wanting ;  the  septal  system  is  only  obscurely 
shadowed  forth  by  the  reticulated  passages  between  the  spongy  layers ; 
the  common  polyp  mass  becomes  little  more  than  a  simple  sarcode, 
resting  on  the  upper  surface  and  filling  the  subjacent  interstices  ;  and, 
finally,  its  low  organization  is  further  signalized  by  its  parasitic  habit 
and  its  tendency  to  flow  around  and  attach  itself  to  all  sides  of  its  sup- 
port. 

It  must  be  admitted  that  such  forms  as  have  been  referred  to  Spar- 
sispongia  possess  characters  in  common  with  other  genera,  commonly 
included  among  sponges,  such  as  Chenendopora^  Lamouroux,  and  Foro- 
spongia  and  Verrucospongia,  D'Orbigny ;  and  the  radiating  furrows 
may  even  be  compared  with  those  of  such  solitary  forms  as  Cnemid- 
ium  rotula  and  mammillare,  Goldf.  (Petr.  Germ.  Tab.  vi.,  figs.  5  and 
G),  and  Siphonia  prcemorsa,  Goldf.,  as  figured  by  Hisinger  (Petrif. 
Svec.  Tab.  xxvi.,  fig.  7)  ;  but  these  affinities,  instead  of  drawing 
our  Stromatoporce  toward  Amorphozoa,  only  raise  the  question  whether 
the  affiliated  genera  are  not  also  suflSciently  related  to  polypi  to  fall 
under  a  particular  family  of  Zoantharia. 

For  reasons  set  forth  above,  I  should  agree  with  Agassiz  and  Mc- 
Coy in  placing  the  Stromatoporce  amongst  Zoantharia,  but  I  should 
differ  with  both  in  deciding  upon  their  local  affinities.  Agassiz  seems 
to  have  placed  them  in  Milleporida?,  governed  by  the  minutely  vesicu- 
lar structure  of  the  mass  ;  homologizing  this  with  the  cellular  structure 
of  the  coenenchyma  of  Millepores  ;  while,  in  my  own  view,  these  corals 
are  destitute  of  ccenenchyma,  and  their   vesicular  tissue  is  endo-struc- 
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tural,  and  oiiglit  to  be  homologized  with  that  of  CystrphyUuin,  or 
perhaps  more  properly  with  the  vesicuhir  zone  of  Ci/athophylhini  and 
HeliophyUum.  McCoy  has  also  viewed  this  vesicular  tissue  as  inter- 
cellular, in  ranging  Stromatopora  by  the  side  of  FistuUpora.  But  it 
differs  from  FistuUpora  and  Paleeopora  as  well  as  the  3IUleporid(e  in 
general,  in  the  absence  of  the  mural  system  and  the  confluence  of  the 
diaphragms  of  contiguous  individuals. 

It  is  true  that  the  great  predominance  of  the  septal  system  is  capable 
of  suggesting  very  strongly  a  subordination  to  the  type  of  Zoantharia 
tabulata;  but  the  want  of  a  mural  system  shows  a  divergence  equally 
great,  and  a  corresponding  affinity  with  the  Aporosa,  and  exceptional 
cases  of  the  Rugosa  with  which  I  associate  them;  while  the  general 
affinities  of  the  species  which  I  have  discussed  throw  a  great  weight 
of  evidence  in  support  of  their  Cyathophylloid  relationship. 

It  is  evident  that  the  different  species  of  Stromatopora  which  have 
been  brought  under  discussion  present  three  distinguishable  plans  of 
detailed  structure :  — 

1.  We  have  the  ceespitose,  completely  individualized  form,  retaining 
traces  of  lamelte.  This  is  evidently  most  nearly  related  to  Cyatho- 
phylUdcB  ;  and  I  am  not  aware  that  it  has  been  noticed  by  any  author. 

2.  The  forms  with  the  confluent  but  not  obliterated  individualities, 
preserving  the  diaphragms,  but  losing  the  lamellae,  represented  by  S. 
polymorphaf  Goldf.,  Sparsispongia,  D'Orb.  The  name  proposed  by 
D'Orbigny  could  be  retained  for  this  type,  if  it  were  not  a  clear  mis- 
nomer. 

3.  The  forms  with  confluent  and  obliterated  individualities.  These 
embrace  the  original  type  of  the  genus  Stromatopora. 

The  forms  described  under  the  name  Caunopora,  Phillips  (Pal. 
Foss.  t.  X. ;  fig.  29,  etc.),  notwithstanding  McCoy's  suggestion,  seem  to  be 
sufficiently  distinct  from  Sparsispongia,  miH  should  probably  constitute 
a  fourth  generic  type  holding  position  next  above  Stromatopora 
proper. 

If  the  views  presented  above  prove  to  be  tenable,  we  shall  have 
the  following  arrangement  and  diagnoses  of  Stromatoporidce :  — 

Family  Stromatoporidce.  —  Polyps  isolated  or  confluent ;  exserted, 
never  forming  a  cup ;  secreting  a  coi'allum  which  consists  of  a  series 
of  concentric  layers  (or  diaphragms)  of  vesicular  tissue,  separated 
and  perforated  by  vermicular,  ramifying   passages,  which  are  either 
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radially  or  confusedly  disposed.  Mural  system  wanting ;  lamellar 
structure  distinctly  present  only  in  the  higher  forms. 

Genus,  Idiostroma,  (n.  g.)  —  Polypi  completely  isolated,  forming 
brandling  masses  ;  lamellar  system,  represented  by  a  radial  structure. 

Species,  I.  caespitosam,  gordiaceum} 

Genus,  Ccenostroma,  (n.  g.)  —  Polypi  confluent,  but  individualized, 
forming  elongated,  or  spheroidal,  compound  masses  ;  diaphragms  com- 
mon and  continuous  throughout ;  lamellar  system  indicated  by  the 
radiate  arrangement  of  the  vermicular  passages  which  commonly  di- 
verge from  the  summits  of  little  eminences  raised  in  the  concentric 
lam  in  33. 

Species,  C.  piistulosum,  monticuliferum,  gramdiferum^  polymor- 
phum,  radiosum,  ramosum. 

Genus,  Caunopora^  (Phillips).  —  "  Coralluni  polymorphous,  com- 
posed of  minute,  irregular,  vermicular,  cellulose  tissue,  disposed  in 
obscure  concentric  layers,  traversed  by  few  long,  larger,  variously  dis- 
posed, vermiform,  cylindrical  channels."  (McCoy,  Brit.  Pal.  Foss, 
p.  66.) 

Species,  C.  placenta,  rnmosa,  verticillata. 

Genus,  Stromatopora  (Goldf.) — Polypi  confluent,  with  individualities 
sensibly  obliterated.  Corallum  consisting  essentially  of  confluent  dia- 
phragms, or  concentric  layers,  which  generally  inclose  a  foreign  body, 
— being  secreted  on  all  sides  of  it  and  forming  a  spheroidal  mass. 

Species,  S.  concentrica,  striateUa,  nux,  rugosa,  compacta,  nummu- 
litisiinilis. 

1  Idiostroma  r/ordiaceum  (n.  sp.)  —  In  general  appearance  resemliles  /.  ccespitosiim. 
The  stems,  however,  are  intricately  entangled,  and  radial  laniclliB  have  a  distinct 
existence  ;  thus  showing  a  still  nearer  approach  to  the  Cyathophylloids.  A  very 
interesting  species  from  Iowa  City,  Iowa. 

2  Tills  species  occcurs  at  Charleston  Landing,  Indiana,  a  few  miles  above  Jef- 
fersonville.  It  differs  from  C.  pustuUferu  in  having  the  upper  surface  of  the  layers 
more  minutely  jiustuliferous  or  granulated. 

3  It  is  yet  desirable  to  compare  authentic  specimens  of  this  type  with  specimens 
of  Idiostroma  ;  though,  if,  as  McCoy  asserts,  its  affinities  are  with  Sparsisponf/ia 
(from  which  I  think  it  differs  materially),  it  is  a  very  different  type  from  Idio- 
stroma. 
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C.     PRACTICAL   SCIENCE. 

1.  On  the  Link  of  Gunter's  Chain  as  the  Unit  of  a  Deci- 
mal System  of  Weights  and  Measures.  By  B.  S.  Ly- 
man, of  Philadelphia,  Penn. 

The  object  of  this  paper  is  to  call  attention  to  the  fact  of  our  having 
already  in  use  a  decimal  system  of  measures,  and  to  the  feasibility  of 
its  general  extension. 

In  replacing  our  ordinary  measures  and  weights  by  new  decimal 
ones,  it  is  less  important  to  have  the  same  unit  with  other  countries 
than  to  have  easy  means  of  converting  the  old  measures  into  the  new  ; 
for  conversion  from  one  decimal  system  to  another  is  comparatively 
easy,  and  it  is  chiefly  importers  and  travellers  and  readers  of  foreign 
books  alone  who  need  to  compare  foreign  measures  with  ours.  Of  all 
measures  land  measures  will  need  for  the  longest. time  to  be  frequently 
converted  from  the  old  standard  to  the  new,  on  account  of  the  great 
length  of  time  that  a  land  deed  remains  in  use ;  and  they  also  require 
most  time  for  us  to  learn  to  conceive  of  them  accurately. 

If  the  link  of  Gunter's  Chain,  a  measure  widely  used  by  land  sur- 
veyors, and  familiar,  also,  to  most  land  owners,  were  taken  for  the 
standard  unit  of  a  decimal  system,  the  important  denominations  of  link, 
chain,  furlong,  and  acre  would  remain  absolutely  unchanged.  The 
link  is  7.92  inches,  and  is  within  a  twentieth  of  an  inch  of  one-fifth  of 
the  French  metre.  Ten  links  are  six  feet  and  7.2  inches,  and  might 
be  called  a  fathom,  since  there  are  so  many  fathoms  in  use  as  to  make 
it  hitherto  a  rather  indefinite  length  ;  and  this  fathom  would  be  almost 
exactly  equal  to  two  metres,  or  to  the  Saxon  Lachter.  The  mile 
might  be  lengthened  so  as  to  be  ten  furlongs  (nearer  than  our  present 
mile  to  the  geographical' mile),  and  then  a  square  mile  would  contain 
1000  acres.  Since  the  link  is  about  eight  inches,  or  two  hands,  one 
tenth  of  it  might  be  called  a  finger,  and  it  would  be  almost  exactly  the 
length  of  the  (theoretical)  diameter  of  the  new  five  cent.  coin.  One 
hundredth  of  a  link  is  ^(;\,  or  ^^  of  the  pi'esent  line,  and  might  be 
called  a  line. 

A  cubic  link  contains  497  cubic  inches,  between  two  wine  gallons 
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and  two  dry  gallons  of  our  present  measures,  and  might  be  called  a 
peck  ;  and  that  name  might  be  applied,  like  gallon,  equally  to  liquids 
and  to  dry  bodies.  The  peck  would  be  the  unit  of  measures  of  capac- 
ity and  of  bulk. 

A  cubic  link  of  water  at  its  greatest  density  weighs  eighteen  pounds, 
and  might  be  called  a  stone,  and  serve  as  a  unit  of  weight. 

As  for  the  names  of  a  new  system  of  weights  and  measures,  they 
ought  to  be  at  least  idiomatic,  and  not,  like  the  French  metrical  names,' 
a  mass  of  pedantic  barbarisms,  which  would  appear  still  worse  if  foisted 
wholesale  into  our  language  than  they  do  in  French,  and  would  be 
still  less  intelligible  to  the  unlearned.  The  old  names  might  be  retained 
for  those  new  weights  and  measures  that  are  nearly  equal  to  old  ones, 
or  that  occupy  the  same  general  position  in  the  system  even  when  they 
are  quite  unequal ;  and  they  might  be  distinguished  by  the  prefix 
"new"  until  the  system  came  into  general  use.  Those  weights  and 
measures  that  are  quite  new  might  easily  find  new  names  analogous  to 
the  old  ones,  taken  from  larailiar  objects  or  from  some  provincial 
measures  or  weights. 

We  should  have,  then,  the  following  tables  of  weights  and  meas- 
ures :  — 

1  Link  =  ^\  Fathom  ==  ^1^  Chain  =  ^ J^^  Furlong  =  ^  ^1^  Mile. 

=  10  Fingers  =  100  Lines. 
1  Square  Link  =  ^i^  Square  Fathom  =  y^i^g^  Square  Chain  =  iqqqqq  Acre. 
1  Acre  =  Jj^  Square  Furlong  =  yn^g-g-  Square  Mile. 
1  Peck  (cubic  link)  =  J^  Cask  =  yj-^  (Tun?). 

=  10  Quarts  =  100  Gills  =1000  (Thimbles?). 
=  yio  Perch  =  j- J^  Cord. 
1  Stone  (cubic  link  of  water)  =  Jg-  Quintal  =  ^-i-g-  Ton. 

=  10  Pounds=100  (Pebbles  ?)  =  1000  Drams 
=  100,000  Grains. 

The  new  grain  would  weigh  1.26  old  grains  ;  and  eight  of  the  new 
five  cent  coins  would  (theoretically)  weigh  500  new  grains. 

It  would  perhaps  give  no  serious  additional  trouble  to  alter  the  link 
to  the  exact  fifth  of  a  metre,  particularly  if  the  French  would  alter 
their  metre  to  its  intended  orisrinal  standax'd. 
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The  meeting  which  the  Association  had  intended  to  hold  at 
Nashville,  Tenn.,  in  April,  1861,  having  been  prevented  by  the  late 
rebellion,  and  a  prolonged  interruption  of  several  years  having  oc- 
curred in  the  meetings  for  the  same  reason,  the  »Standing  Committee 
took  the  responsibility,  at  the  earliest  opportunity  after  the  return  of 
peace,  to  renew  these  annual  gatherings  of  the  scientific  men  of  the 
country,  and  by  a  process  as  nearly  conformed  to  the  requisition  of 
the  Constitution  of  the  Association  as  the  circumstances  of  the  case 
permitted. 

The  Fifteenth  Meeting  of  the  American  Association  for  the  Ad- 
vancement of  Science  was  held  at  Buffalo,  N.  Y.,  commencing  on 
Wednesday,  August  15,  and  continuing  to  Monday  evening,  August  20. 

The  number  of  names  registered  in  the  book  of  members  in  at- 
tendance on  this  meeting  is  seventy-nine.  One  hundred  and  twelve 
new  members  were  chosen,  of  whom  all  but  thirty-five  have  already 
accepted  membership  by  paying  the  annual  assessment,  and,  when 
practicable,  signing  the  constitution.  Sixty-seven  papers  were  pre- 
sented, most  of  which  were  read,  and  some  of  them  discussed  at  great 
length. 
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Tlie  sessions  of  the  Association  were  held  in  St.  James  Hall  and  in 
adjacent  rooms  in  the  block  of  the  Young  Men's  Association,  of  Buf- 
falo. At  half-past  ten  o'clock,  a,  m.,  on  Wednesday,  the  members 
present  were  called  to  order  by  Isaac  Lea,  LL.D.,  of  Philadelphia, 
President  of  the  Association  during  its  last  convention,  who  sjioke  as 
follows  :  — 

In  opening  this  meeting,  it  may  be  my  duty  to  say  that  when  we 
adjourned  last,  in  Newport,  R.  I.,  in  18GU,  it  was  then  proposed  that 
we  should  meet  in  1861,  at  Nashville,  Tenn.  At  the  same  time  the 
distinguished  President  of  Columbia  College,  N.  Y.,  Prof.  Barnard, 
was  appointed  to  preside  at  tliat  meeting.  In  the  mean  time,  the  great 
rebellion  breaking  out,  the  meeting  was  not,  of  course,  called  together, 
as  that  place  was  not  either  a  fit  or  a  safe  one  for  loyal  members 
to  visit.  It  was  also  judged  proper  that  our  meetings  should  be  in 
abeyance,  as  our  minds  and  our  time  were  occupied  by  duties  of  the 
utmost  importance  in  the  assistance  of  the  restoration  of  that  peace 
which  has  caused  our  beloved  Union  four  eventful  years  of  war. 

At  the  return  of  peace,  some  of  us  naturally  desired  the  resumption 
of  the  meetings  of  the  Association,  and  the  officers  having  received 
an  invitation  from  the  liberal  and  public-spirited  citizens  of  the  pros- 
perous and  hospitable  city  of  Buffalo,  as  we  had  from  some  other 
cities,  it  was  decided  that  the  claims  of  the  Ibrmer  to  our  presence 
sliould  be  accepted.  Having  said  this  much  in  explanation  of  the 
lapse  of  our  meetings,  I  may  express  my  hope  and  belief  in  the  con- 
tinued prosperity  of  our  Association.  It  is  now  my  })leasant  duty  to 
introduce  to  you  President  Barnard,  and  I  retire  from  this  chair, 
which  you  have  honored  me  with,  thanking  you  most  sincerely. 

The  new  President,  on  taking  the  chair,  said:  "Before  entering 
upon  the  business  for  which  we  have  assembled,  it  seems  to  be  fitting 
that  we  invoke  Divine  blessing  upon  our  proceedings,  and  I  invite 
you,  therefore,  to  unite  in  prayer  with  the  Rev.  Dr.  Chester,  of  Buf- 
falo." 

Dr.  Chester  then  offered  up  a  short  prayer,  at  the  conclusion  of 
which  the  Hon.  George  W.  Clinton,  President  of  the  Buffalo  Society 
of  Natural  Science,  welcomed  the  Association,  in  behalf  of  the  people 
of  Buffalo,  in  the  following  words  :  — 
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Mr.  President  axd  Gentlemen  of  the  American  Associa- 
tion FOR  the  Advancement  of  Science,  —  I  regret  that  I  am 
compelled  to  speak,  in  behalf  of  Buffalo,  on  this  occasion.  That  duty 
ought  to  have  been  performed  by  one  whose  well-earned  honors  and 
high  position  would  have  given  weight  unto  words  of  congratulation 
and  of  welcome.  I  can  only  tell  you,  what  our  people  are  so  anxious 
to  prove  by  their  acts,  that  they  do  most  cordially  welcome  you  to  our 
young  city ;  that  Buffalo  esteems  your  presence  here  a  substantial 
benefit  and  honor,  and  that  whatever  she  has  or  can  do,  which  will 
minister  to  the  accommodation  of  the  Association,  or  promote  your 
comfort,  or  add  to  your  enjoyment,  is  freely  yours.  I  have  no  power 
to  give  due  expression  to  the  profound  respect  which  our  people  enter- 
tain for  this  Association,  and  for  its  grand  objects.  Its  members,  in 
every  department  of  science,  have  advanced  knowledge,  and  it  has 
won  just  renown  and  reflected  honor  upon  our  country.  National  in 
its  organization,  the  Association  slumbered  while  our  national  unity 
was  endangered  by  rebellion ;  but,  with  returning  peace,  it  thus  glori- 
ously awakes.  It  does  present,  to  every  liberal  and  patriotic  soul,  a 
sublime,  an  exhilarating  spectacle.  May  this  blessed  reunion  of  our 
men  of  science  prove  to  be  a  mere  example  and  a  sure  harbinger  of 
the  heart-reunion  of  the  people  of  the  United  States  of  America  for 
which  our  souls  so  yearn !  May  your  Association  —  in  itself  so 
strong  an  element  of  unity  —  grow  with  the  reviving  fortunes  of  our 
country !  God  grant  that  our  dear  country  may  present  to  the  world, 
throughout  all  time,  that  most  magnificent  of  earthly  spectacles,  —  a 
free  and  peaceful  people,  warded  and  exalted  by  science,  and  sublimed 
by  true  religion. 

AVe  congratulate  you  upon  this  auspicious  resumption  of  your  ses- 
sions. And  yet,  alas !  how  difficult  it  is  for  mortals  to  find  occasion 
for  unmixed  joy  !  Even  your  pi'csent  pleasure  must  be  tempered  by 
some  thought  of  the  late  bitter  years ;  and  the  delight  of  renewed  in- 
tercourse with  old  associates  is  mingled  with  sorrow.  Death  and  dis- 
ease have  not  been  inactive.  Some  of  those  who  shed  light  and 
pleasure  on  your  meetings  are  not  here.  Their  2iresence  will  never 
gladden  your  hearts  again.  They  can  do  no  more  for  science  and 
mankind.  They  have  gone,  or  are  quickly  going,  to  their  reward,  and 
we  must  soon  follow  them.  Of  one,  at  least,  of  these  public  benefac- 
tors I  can   hardly  refrain  from  speaking;  but  he  is  not  yet  dead, — 
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Heaven  grant  that  he  may  recover !  —  and  I  am  not  competent  to  do 
justice  to  his  great  character  and  achievements.  But  you  must  let 
me  say  that  he  was  a  bright  examplar  of  that  magnanimous  and 
catholic  spirit  which  has  reigned  in  this  Association  from  the  begin- 
ning, and  made  it  so  useful  and  so  famous.  In  recalling  his  character 
and  acts,  I  cannot  but  think  of  this  Association  ;  and  you  must 
acquit  me  of  presumption,  if  I  so  far  yield  to  the  impulses  of 
my  heart  as  to  indicate,  in  my  plain  way,  a  few  of  the  reasons  why  I 
respect  your  venerable  body. 

Your  Association  has  been  remarkably  free  from  those  bickerings 
and  jealousies  which  are  so  apt  to  find  place  in,  and  deform  the  pro- 
ceedings of,  all  human  societies.  It  would  seem  that  your  members 
were,  in  the  general,  so  absorbed  in  the  seai'ch  for  truth  as  to  forget 
self.  Your  proceedings  have  been  grave,  courteous,  liberal.  Differ- 
ences of  opinion  have  been  incentives  to  renewed  and  more  cautious 
investigation,  rather  than  provocations  to  controversy.  You,  necessa- 
rily, admit  hypothesis ;  but  the  creations  of  fancy  are  not  permitted  to 
supply  the  deficiencies  of  science.  You  have  "  loved  science  for  her 
own  sake,  and  revered  her  under  every  form  and  manifestation ; " 
you  "  love  her,  too,  personified  in  young  and  ardent  students  of 
nature,"  and  treat  them  "  not  as  rivals  who  are  to  be  feared  and 
shunned,  but  as  successors  who  merit  instruction  and  assistance."  In 
natural  history,  you  have  remembered  and  acted  upon  the  old  maxim, 
that  "  a  single  species,  thoroughly  and  systematically  studied,  will 
teach  more  than  a  hundred  cursorily  examined."  And  then,  above 
all,  in  all  your  proceedings,  and  in  all  your  investigations,  you  have 
recognized  and  respected  the  great  yearning  of  the  common  soul  for 
God !  In  this  great  presence,  I  feel  that  I  am  nothing,  —  a  mere 
smatterer,  a  sciolist ;  but,  perhaps,  for  that  very  reason,  I  am  the 
fitter  to  express  that  common  yearning  of  all  who  think.  That  there 
should  be  a  man  without  an  appetite  for  knowledge  is  incredible. 
But  the  appetite  grows  with  what  it  feeds  on ;  it  is  as  insatiable  as 
death,  and  has  infinity  before  it.  The  astronomer  of  our  day  may 
smile  at  the  littleness  of  the  achievements  of  the  Chaldean  watchers 
of  the  stars,  for  he,  aided  by  science,  has  resolved  the  milky-way  and 
peered  far  out  into  space.  But  he  is  not  *'  mad  ; "  he  cannot  be 
"  undevout ; "  he  must  feel  how  minute  he  is, — how  infinitesimal 
his  great  scope  of  vision    is  in  space,  which  can  be    bounded    only 
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by  God.  And  lie  who,  with  the  microscope,  will  spy  into  the  region 
of  life,  —  though  he  too  acquire  a  subliming  knowledge,  —  he  finds 
that,  below  the  lowest  deep  he  reaches,  there  is  a  lower  depth,  and 
the  great  secret  of  life,  its  essence,  remains  impenetrable.  Knowl- 
edge is  ecstatic  in  enjoyment ;  but  man's  capacity  for  it,  whatever  his 
attainments,  is  never  satisfied.  The  true  philosopher  —  the  searcher 
after  all  truth,  and  finder  of  some  truth  —  must  feel  that  the  pebbles 
he  has  picked  up  on  the  strand  are  poor ;  and,  in  the  troubles  and 
perplexities  which  surround  him,  yea,  from  the  very  love  of  science, 
comes  that  longing  for,  and  belief  in,  the  great  Knower, —  the 
Creator, —  not  a  Brahma,  who,  having  made  and  imposed  laws  upon 
all  things,  leaves  them  and  remains  aloof,  absorbed  in  a  contempla- 
tion of  his  own  perfection,  but  a  personal  God,  one  who  does  illumi- 
nate, forgive,  pity,  and  bless ;  the  God  whom  all  Christians  worship 
and  adore.  The  fact,  then,  that  science  as  pursued  by  you  is  Chris- 
tianizing forms  one  of  its  strongest  titles  to  the  approbation  of  the 
just. 

Buffalo  is  a  busy  town.  Work  reigns  in  it, —  our  present  master. 
Few  of  us  have  leisure  for  the  pursuits  of  recondite  science,  and  we 
have  just  commenced  adorning  our  city  with  the  triumphs  of  painting 
and  sculpture,  and  possess  but  germs  of  public  libraries  and  cabinets 
of  science.  Antiquity  has  not  hallowed  our  edifices,  and,  with  but 
few  exceptions,  they  were  built  only  for  our  day.  We  have,  in  the 
material  way,  nothing  grand  or  impressive  to  show  you.  Our  jewels 
are  our  liberal,  big-hearted  citizens  ;  and,  if  you  will  but  note  it,  you 
will  find  everywhere  in  our  good  city  a  deep  respect  for  literature,  for 
art,  for  science,  and  a  longing  to  make  it  as  famous  in  letters  as  it 
is  prosperous  in  commerce  and  manufactures.  Among  young  and 
old,  —  our  merchants,  our  bankers,  our  manufacturers,  our  hard- 
handed  artificers,  —  you  will  find  people  who  can  admire  and  appre- 
ciate you,  and  who  yearn  for  sound  science.  They  welcome  you  with 
their  heart  of  hearts  ;  they  look  to  this  Association,  with  confidence, 
for  countenance  and  aid  in  their  endeavors  to  know ;  they  hope  that 
you  will  carry  hence  respect  for  Buffalo,  that  your  remembrance  of  this 
session  will  be  pleasant ;  they  expect  and  believe  that  your  meeting 
will  give  an  impetus  to  this  great  city  in  the  pursuit  of  science,  and 
form  an  era  in  its  history.  May  these  high  hopes  be  realized  !  May 
the  good  God,  the  author  of  all  knowledge,  bless  you  in  all  things,  and 
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make  this  session  of  the  Amencan  Association  for  the  Advancement  of 
Science  peculiarly  fruitful  of  glory  to  Himself,  and  of  good  unto  our 
country  and  mankind. 

The  address  of  Judge  Clinton  was  responded  to  by  President 
Barnard,  in  behalf  of  the  American  Association,  as  follows  :  — 

Mr.  Clixton,  —  It  affords  me,  sir,  unusual  satisfaction  to  express 
to  you,  and,  through  you,  to  the  members  of  the  Association  over 
■which  you  have  the  honor  to  preside,  and  to  the  citizens  of  Buffalo 
generally,  the  deep  sense  of  your  courtesy  and  hospitality  which 
is  entertained  by  the  members  of  this  body.  This  welcome  is  the 
more  grateful,  inasmucli  as  we  come  to  you  with  none  of  tliose  claims 
which  seem  usually  most  imposing  to  the  imagination  of  men.  We 
possess  neitlier  place  nor  power.  We  are  neither  rulers  of  men,  nor 
judges,  nor  law-makers ;  nor  yet  is  it  our  privilege  to  belong  to  that 
fourth  estate,  more  powerful,  perhaps,  than  all  the  rest,  Avhich  holds 
an  almost  resistless  sway  over  the  opinion  of  men, —  the  public  press. 
Neither  can  we  put  forward  the  pretensions  which  wealth  often  so 
ostentatiously  prefers,  and  which  commonly  find  so  prompt  and 
undisputed  recognition  among  mankind.  The  votaries  of  science 
rarely  reap  any  other  rewards  in  this  world  than  the  satisfaction 
which  their  labors  themselves  afford.  We  possess,  in  fact,  but  one 
single  recommendation  to  your  kind  consideration,  —  a  recommenda- 
tion which  has  weight  in  proportion  as  minds  are  elevated  by  enlight- 
enment and  ennobled  by  generosity,  —  it  is  the  love  of  truth,  and 
honest  zeal  in  its  pursuit.  And  in  the  fact  that,  with  but  this  single 
recommendation,  we  have  met  at  your  hands  so  cordial  and  warm 
a  reception,  we  have  the  most  satisfactory  assurance  and  evidence  of 
the  enlightenment  of  your  views  and  the  generosity  of  your  senti- 
ments. 

Other  considerations  heighten  the  gi-atification  which  your  welcome 
has  afforded  us. 

This  beautiful  city  of  yours  is  one  of  the  marvellous  growths  of 
which  our  country  presents  so  many  striking  examples,  but  among 
which  Buffalo  is  especially  conspicuous.  It  has  sprung  from  nothing 
to  its  present  greatness  entirely  within  the  present  century.  Indeed, 
long  after  the  century  began,  it  had  hardly  a  title  to  be  called  a  town, 
—  it   \vii>  but  a  mere    landing  upon    tlip    r^lioros    of  Lake  Erie.     Its 
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•wonderful  expansion,  its  astonishing  increase  in  population  and 
wealth,  dates  back  hardly  forty  years,  —  dates  back  only  to  the  com- 
pletion of  that  magnificent  line  of  internal,  artificial  navigation,  by 
which  the  lakes  were  married  to  the  Atlantic.  Within  that  brief 
period,  —  so  very  brief  considered  as  a  portion  of  a  people's  history, — 
there  has  been  heaped  up  here  an  amount  of  wealth  so  great,  that 
though  it  may  be  written  down  in  the  figures  of  statistical  tables,  the 
mind  fails  to  form  any  clear  conception  of  it.  This  immensity  of 
wealth  is  evidenced  in  the  throng  of  vessels  which  crowd  your 
wharves,  in  the  numberless  deeply-freighted  barges  wliich  continually 
leave  here  for  the  interior,  in  your  magnificent  elevators  and  spacious 
warehouses,  and  in  all  the  other  evidences  of  a  vast  comrnercial  activ- 
ity. It  is  by  these  instrumentalities  that  there  is  ever  kept  in  motion 
that  ceaseless  stream  of  material  wealth,  which,  gathered  throughout 
all  the  great  West  and  North-west,  seeks  the  seaboard  through  this 
channel ;  while  through  the  same  channel  there  comes  back  a  similar 
returning  flood,  which  spreads  itself  out  all  over  the  West.  The  stir 
of  business,  the  pressure  of  the  crowd,  the  actfvity  of  movement 
which  fills  your  streets,  can  hardly  find  a  parallel  anywhfere  on  the 
continent,  unless  it  be  in  the  great  commercial  metropolis  itself. 

Under  these  circumstances,  it  is  easy  to  perceive  how  great  are  the 
temptations  which  beset  your  people  to  become  absorbed  in  the  pur- 
sjiit  of  wealth,  to  be  swallowed  up  in  the  material,  and  to  forget  what 
concerns  the  intellectual  advancement  of  the  race.  That  they  have 
escaped  this  danger  is,  however,  evident,  from  the  fact  of  the  existence 
and  the  healthy  activity  among  you  of  the  Association  which  you,  sir, 
so  worthily  represent,  which  is  already  honorably  known  in  sister 
cities  in  our  land,  and  is  destined  to  be  known  no  less  honorably 
wherever,  throughout  all  the  world,  science  is  held  in  high  esteem ;  an 
institution  devoted  to  pui'suits  identical  with  those  in  which  we  are 
interested. 

It  gratifies  us,  therefore,  peculiarly,  to  know  that  you  receive  us  not 
merely  as  entertainers,  but  as  sympathizers  and  collaborators.  And 
if  this  meeting  is  to  be  a  success, — if,  when  the  history  of  this  Asso- 
ciation is  written,  the  historian  shall  dwell  with  special  interest  upon 
\yhat  is  here  to  take  place,  —  it  will  doubtless  be  owing  to  the  fact 
that  we  here  enjoyed  the  benefit  of  your  counsels,  and  tlic  aid  of  your 
substantial  contributions. 
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Once  more,  sir,  in  behalf  of  the  Association,  permit  me  to  tender 
you  my  thanks  for  the  cordiality  of  your  welcome. 

After  an  interval  of  a  few  moments,  Professor  Barnard  said  that 
the  meeting,  originally  appointed  to  have  been  held  at  Nashville, 
Tenn.,  now  assembled  after  an  adjournment  of  six  years.  In  the  in- 
tervening period  many  events  have  occurred  of  great  interest  to  the 
country,  and  which  have  had  a  great  effect  upon  the  Association. 
The  General  Secretary  (Professor  W.  P.  Trowbridge)  was  not  pres- 
ent, owing  to  some  prior  business  engagements  in  the  Novelty  Iron 
Works,  at  New  York,  over  which  he  had  charge  in  the  absence  of  the 
President  of  the  "Works.  They  were  also  deficient  in  a  Vice-Presi- 
dent (Dr.  R.  W.  Gibbes),  of  whom  no  accounts  have  been  received 
since  the  return  of  peace.  His  residence  was  in  one  of  the  Southern 
States  (South  Carolina),  and  the  Professor  said  he  had  not  been  able 
to  communicate  with  him,  though  he  had  sent  him  several  communica- 
tions.    It  would  be  necessary  to  fill  these  vacancies. 

The  Professor  alluded  to  an  eminent  state  geologist  (Professor  Ed- 
ward Hitchcock,  of  Massachusetts),  as  one  of  the  early  geologists,  who, 
if  he  might  not  be  called  the  founder  of  the  Association,  is  admitted  to 
have  been  one  of  its  fathers.  Another  distinguished  member,  who 
had  done  as  much  as  any  other  man  to  promote  the  interests  of 
science,  was  also  gone,  —  the  founder  of  the  American  Journal  of  Art 
and  Science  (Professor  B.  Silliman,  of  Yale  College),  a  work  he  haS 
sustained  for  many  years  under  difficulties  that  can  hardly  be  appre- 
ciated. Still  another  great  member  was  lost ;  he  who,  at  his  country's 
call,  left  the  field  of  science  for  that  of  Mars,  and  at  length  de- 
monstrated the  sincerity  of  his  patriotism  by  offering  up  his  life  on  the 
altar  of  his  country.^ 

Professor  Barnard  presented  the  regrets  of  Professor  Agassiz,  of 
Harvard  College,  who  had  just  returned  after  a  residence  of  eighteen 
months  in  the  empire  of  Brazil.  Owing  to  the  condition  of  his 
domestic  and  personal  affairs,  he  found  it  necessary  to  remain  at 
home.  Professor  Joseph  Henry,  of  the  Smithsonian  Institution  at 
Washington,  was  also  unavoidably  absent.  Many  others  sent  word  that 
they  could  not  afford  the  expenses  incurred  in  travelling ;  for  such  had 
been  the  increase  in  living,  without  a  corresponding  increase  in  tlfe 
salaries  of  men  of  science,  that  they  were  left  without  adequate  means. 


1  Gen.  a  M.  Mitchell. 
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He  spoke  of  the  southern  members,  saying,  science  is  cosmopolitan ; 
and,  whatever  may  be  the  difference  of  opinion  concerning  religion, 
politics,  or  any  other  subject,  yet,  upon  pure,  positive  science  there  is 
always  a  chance  for  harmony  and  unanimity  of  sentiment  among  the 
devotees  of  this  noble  branch  of  human  inquiry ;  there  is  a  common 
ground,  and  upon  this  it  might  be  hoped  to  gather  men  of  the  north 
and  south ;  and  he  expressed  the  wish  that  the  Association  would  be- 
come one  of  the  instruments  by  which  the  lacerated  wounds  of  the 
country  might  be  healed.  "  I  trust  that  some  of  our  friends,  from 
whom  we  have  been  divided,  may  yet  appear.  If  they  do  not  on  this 
occasion,  I  doubt  not  they  will  at  some  future  meeting." 

The  Association  then  proceeded  to  the  election,  by  ballot,  of  a  Gen- 
eral Secretary,  which  resulted  in  the  choice  of  Professor  Elias 
LooMis,  of  Yale  College.  A  ballot  was  then  taken  for  Vice-Presi- 
dent, and  Dr.  A.  A.  Gould  was  elected. 

The  Association  then  proceeded  to  elect  six  additional  members  of 
the  Standing  Committee,  according  to  Rule  6  of  the  Constitution. 
The  names  of  those  chosen  are  printed  elsewhere  with  the  other  mem- 
bers of  that  committee. 

On  Friday  morning,  August  17th,  the  citizens  of  Buffalo  were  in- 
vited to  meet  with  the  members  of  the  Association  and  listen  to  a 
paper  by  Mrs.  Almira  L.  Phelps,  on  the  "  Scientific  and  Religious 
Character  of  Edward  Hitchcock."  After  this  paper  had  been  read 
by  Dr.  Chester,  an  address  on  "  Scientific  Education  "  was  delivered 
by  Professor  J.  P.  Cooke. 

On  Saturday  morning,  in  general  meeting,  the  President  invited 
Hon.  Millard  Fillmore  to  take  the  chair  while  he  offered  certain  reso- 
lutions, which  he  prefaced  with  the  following  remarks : 

Mr.  Chairman,  —  The  paper  which  I  hold  in  my  hand  contains 
resolutions  which  I  am  sure  will  command  the  ready  assent  and  con- 
currence of  all  who  are  present,  expressive  of  what  I  believe  to  be 
the  feelings  of  the  Association,  in  view  of  the  cause  which  prevents 
the  attendance  at  this  iDceting  of  one  of  our  most  honored  and 
esteemed  associates,  Professor  Alexander  Dallas  Bache,  Chief  of  the 
Coast  Survey  of  the  United  States.  I  might  have  left  the  duty  of 
presenting  them  to  be  discharged  by  al)ler  hands,  were  it  not  tliat 
powerful   personal  considerations,  my   wann  aiFi'ttion   for  the  sul)ject 
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of  the  resolutions,  and  my  deep  sense  of  obligations  toward  liim  for 
many  acts  of  kindness  during  an  unwavering  friendship  of  long  con- 
tinuance, impel  me  to  claim  it  for  myself.  I  have  no  puri)ose  to  enter 
here  upon  a  review  of  the  honorable  life-history  of  Pi'ofessor  Bache. 
The  day  is  yet,  I  trust,  far  distant  when  such  a  record  will  have  to  be 
made  up.  It  is  suiRcient  to  remark  that,  in  the  course  of  a  brilliant 
career,  extending  through  more  than  thirty  years,  in  Avhich  he  has  dis- 
tinguished himself  in  many  fields  of  labor,  it  may  be  said  with  truth 
of  him,  as  it  was  said  of  Goldsmith,  that  he  has  touched  nothing  which 
he  has  not  adorned.  As  an  educationist,  as  a  physicist,  as  a  civil 
engineer,  as  the  director  of  one  of  the  most  magnificent  goedetic 
works  which  the  world  has  seen,  he  has  occupied,  and  still  occupies, 
by  the  common  consent  of  his  countrymen  and  of  civilized  mankind,  a 
place  in  the  front  rank  of  the  votaries  of  science.  As  a  citizen,  his 
record  is  without  a  blemish  ;  as  a  patriot,  his  loving  zeal  is  known  of  all 
who  have  come  into  contact  with  him ;  as  a  philanthropist,  his  influ- 
ence, through  his  connection  with  our  noble  Sanitary  Commission,  has 
been  felt  throughout  all  the  vast  armies  sent  forth  by  the  nation 
to  crush  the  recent  gigantic  rebellion,  from  the  general  commanding 
in  chief  down  to  the  humblest  private.  It  is  the  first  time,  since  the 
foundation  of  the  Association,  that  we  miss  his  genial  presence  and  * 
fail  to  hear  his  encouraging  voice  in  these  our  pleasant  and  profitable 
reunions.  I  think  there  is  no  individual  in  the  entire  circle  of  its 
present  or  past  membership  to  whom  the  Association  would  be  dis- 
posed more  promptly,  more  willingly,  or  more  feelingly  to  pay  the 
tribute  of  honor  and  sympathy  which  these  resolutions  propose.  The 
resolutions  are  as  follows  :  — 

Whereas,  Providence  has  seen  fit  to  afilict  this  Association,  by , visit- 
ing one  of  its  most  distinguished  members.  Professor  Alexander  Dallas 
Bache,  Chief  of  the  Coast  Survey  of  the  United  States,  with  a  malady 
which  deprives  the  Association,  for  the  fii'st  time  since  its  foundation, 
of  the  pleasure  of  his  presence  in  its  meetings,  and  of  the  benefit  of 
his  judicious  counsels  and  energetic  cooperation  ;  be  it,  therefore, 

Resolved,  That  the  Association  sincerely  condole  with  Professor 
Bache  in  his  present  illness,  and  earnestly  desire  and  hope  that  he 
may  be  speedily  restored  to  health  and  usefulness,  and  may  yet  con- 
tinue for  many  years  to  honor  the  country  which  he  has  so  long  and 
so  faithfully  served. 
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Resolved,  That  the  Association  deeply  deplores  the  loss  to  Ameriean 
science  resulting  from  the  enforced  suspension  of  the  labors  of  tlieir 
eminent  associate,  by  which  labors  its  treasures  have  heretofore  been 
so  greatly  enriched,  and  its  advancement  so  actively  promoted. 

Resolved,  That  the  Association  extend  to  Mrs.  Bache  their  heartfelt 
sympathies  under  her  present  painful  trial,  and  beg  leave  respectfully 
to  express  their  admiration  of  the  tenderness  and  devotion  with  which 
she  has  watched  over  her  suffering  companion,  and  of  the  beautiful 
illustration  which  she  has  thus  given  of  the  noblest  virtues  which 
adorn  her  sex. 

Resolved,  That  the  General  Secretary  of  the  Association  be  in- 
structed to  transmit  a  copy  of  these  resolutions  to  Professor  and  Mrs. 
Bache. 

The  Association  voted  to  hold  the  next  meeting  at  Burlington,  Ver- 
mont, beginning  on  Wednesday,  August  21. 

The  officers  elected  for  the  next  meeting  are,  Professor  J.  S.  New- 
berry, of  New  York,  President;  Dr.  Wolcott  Gibbs,  of  Cam- 
bridge, Vice-President;'  Professor  C.  S.  Lyman,  of  New  Haven, 
General  Secretary ;  Dr.  A.  L.  Elwyn,  of  Philadelphia,  Treasurer. 

On  Monday  evening,  the  business  of  the  Association  being  finished, 
and  a  motion  to  adjourn  prevailing,  the  President  closed  the  meeting 
with  the  following  address :  — 

Gentlemen  of  the  American  Association  for  the  Ad- 
vancement OF  Science,  —  Before  pronouncing  you  adjourned,  I 
desire  to  congratulate  you  —  and  I  do  so  with  the  highest  satisfac- 
tion—  upon  the  triumphant  success  of  your  meeting  in  Buffalo.  Jt 
has  been  a  success  in  every  point  of  view  in  which  it  can  be  consid- 
ered. It  has  been  a  success  in  respect  to  attendance ;  for  though,  on 
some  former  occasions,  there  has  been  an  actual  numerical  superiority, 
yet,  when  we  consider  the  economical  difficulties  of  the  present  time, 
the  uncertainty,  which  till  very  recently  existed,  as  to  the  date  of  the 
meeting,  and  the  total  absence  which,  however  mucii  it  may  be 
regretted,  was  not,  perhaps,  wholly  unlooked  for,  of  all  our  southern 
brethren,  we  have  rea';on  to  be  greatly  encouraged  at  the  visible 
strength  of  the  phalanx  which  has  here  spontaneously  gathered  to- 
gether. 
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It  has  been  a  success  in  respect  to  the  evidences  of  interest  in  our 
revived  organization  manifested  by  many  of  those  of  our  brotherhood 
Avhom  unavoidable  necessity  has  constrained  to  be  absent  on  the  pres- 
ent occasion,  —  evidences  which  I  have  had  the  pleasure  of  laying 
before  you  in  the  form  of  communications,  written  and  oral,  from  some 
of  the  most  distinguished  of  those  whose  names  stand  conspicuous 
upon  the  records  of  our  former  meetings. 

It  has  been  a  success  in  respect  to  the  unbroken  harmony  which  has 
characterized  all  our  proceedings,  the  admirable  courtesy  which  has 
marked  all  our  debates,  the  kindness  of  feeling  between  individuals, 
which  has  gathered  strength  with  each  day's  continuance  of  inter- 
course, and  the  increased  respect  which  we  have  learned  to  feel  for 
each  other. 

It  has  been  a  success  in  respect  to  the  number  of  valuable  papers 
which  have  been  presented,  the  variety  of  their  topics,  the  vigor  of 
thought  which  many  of  them  have  evinced,  and  the  clearness  of  the 
method  displayed  in  their  preparation. 

It  has  been  a  decided  success  as  it  regards  the  interest  of  the  dis- 
cussions which  the  papers  have  elicited,  the  discriminating  criticism 
which  they  have  provoked,  the  ability  and  eloquence  with  which  their 
theories  have  been  assailed  and  defended,  and  the  stimulus,  which, 
through  all  these  influences,  has  been  given  to  activity  and  inde- 
dependence  of  thought. 

But  it  has  been  finally  and  signally  a  success,  in  that  it  has  been 
held  in  the  midst  of  a  generous  and  appreciative  people,  whose  many 
kindnesses  have  literally  overwhelmed  the  Association  as  a  body  and 
its  individual  members.  There  is  nothing  which  you  could  desire 
which  the  noble-hearted  citizens  of  Buffalo  have  not  placed  at  your 
disposal.  They  have  thrown  open  freely  to  you  their  dwellings,  they 
have  heaped  their  tables  with  luxuries  for  your  enjoyment,  they  have 
abolished  for  you  the  rigid  rules  by  which  the  privacy  of  their  great 
industrial  establishments  is  ordinarily  guarded,  and  made  you  free  to 
inspect  at  your  ease  their  mills,  their  manufactories,  their  warehouses, 
their  elevators,  and  all  the  other  great  instrumentalities  by  which 
wealth  is  here  accumulated  and  exchanged.  And,  beside  all  this, 
they  have  afforded  you  opportunity  to  enjoy  the  grand  aspects  of 
nature  which  this  vicinity  presents,  and  have  introduced  you  to  the 
loveliness  and  majesty  of  their  noble  lake,  and  the  beauties  of  their 
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magnificent  river.  Tiiere  ims  been  no  moment  of  your  time  which 
they  have  permitted  to  run  to  waste,  or  which  their  large-hearted  hos- 
pitahty  has  failed  to  fill  up  with  their  assiduous  kindnesses  and  tlieir 
flattering  attentions.  In  this  respect,  then,  surely  the  success  of  your 
meeting  has  exceeded  everything  that  the  most  exacting  among  you 
could  have  anticipated  or  desired. 

For  these  things  you  will,  first  of  all,  surely  give  thanks  to  that 
glorious  Providence  which  has  cast  your  lines  in  so  plea^nt  places, 
and  has  so  signally  prospered  the  works  of  your  hands. 

And  in  the  next  place  you  will  all  of  you  feel  —  and  as  you  have 
opportunity  you  will  individually  express,  as  I  here  desire  to  do  for 
you  as  a  body,  and  as  you  have  already  done  in  your  resolutions  — 
your  deep  sense  of  obligation  to  this  noble-minded,  generous,  culti- 
vated, and  enlightened  people,  for  all  the  kindnesses  which  they  have 
literally  showered  upon  you,  and  without  which  your  meeting,  instead 
of  inspiring  and  cheering,  might  have  sent  you  back  to  your  homes 
discouraged  and  disappointed. 

Gentlemen  of  the  Association,  —  with  my  sincerest  wishes  for  your 
continued  welfare,  I  now  pronounce  your  Association  adjourned,  to  re- 
assemble at  the  city  of  Burlington,  Vt.,  on  the  21st  day  of  August, 
1867. 

Most  of  the  members  in  attendance  at  the  Buffalo  meeting  availed 
themselves  of  the  private  hospitality  so  generously  offered  by  many 
families  in  the  city ;  a  hospitality  readily  accepted  on  account  of  the 
accidental  crowding  of  the  hotels  at  the  time,  but  made  doubly  wel- 
come by  the  cordiality  with  which  it  was  offered  and  maintained. 
Receptions  were  also  given  to  the  members  of  the  Association,  and 
their  ladies,  by  Col.  W.  A.  Bird,  Capt.  E.  P.  Dorr,  Hon.  N.  K. 
Hall,  and  O.  G.  Steele,  Esq.  On  Saturday  afternoon  the  steamer 
Atlantic  was  placed  at  the  disposal  of  the  Local  Committee  by  T.  D. 
Dole,  Esq.,  and  the  members  of  the  Association,  with  their  ladies, 
made  an  agreeable  excursion  on  Lake  Erie  and  Niagara  river,  in  com- 
pany with  many  ladies  and  gentlemen  of  Buffalo.  On  Tuesday, 
August  21,  after  the  close  of  the  scientific  sessions  of  the  Association, 
the  members,  with  their  hosts  and  other  citizens  of  Buffalo,  made  an 
excursion  on  the  Erje  and  Niagara  Railway  to  Niagara  Falls,  where 
they  were  most  generously  entertained  by  Mr.  and  Mrs.  Bush  at  tlieir 
cottage  on  the  Canada  side  of  the  river. 
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RESOLUTIONS    ADOPTED. 

Resolved,  That  a  Committee  of  three  be  appointed  by  the  President 
of  tliis  Association,  whose  duty  it  shall  be  to  memorialize  Congress  in 
favor  of  printing  the  Annual  Reports  of  the  Hydrographical  Survey 
of  the  Lakes,  in  a  separate  form. 

Resolved,  That  said  Committee  is  also  instructed  to  make  applica- 
tion to  the^jroper  authorities  for  obtaining  an  increase  in  the  appropri- 
ation for  the  Scientific  Purposes  of  the  Survey,  with  special  reference 
to  Meteorology,  Fluctuations  of  Level,  and  the  genei-al  Drainage  of  the 
Lake  Country. 

Resolved,  That  the  American  Association  for  the  Advancement  of 
Science  approves  of  the  appointment  of  a  Scientific  Commission  to  at- 
tend and  study  the  Universal  Exposition  to  be  held  in  Paris  in  1867, 
and  that  it  be  urged  upon  Congress  to  provide  the  necessary  means  to 
enable  the  Commission  to  prepare  for  publication  full  reports  upon  the 
recent  applications  of  Science  to  the  Arts,  as  set  forth  in  the  Exposi- 
tion, in  a  form  suitable  for  circulation  throughout  the  country. 

Resolved,  That  a  Committee  be  appointed  to  memorialize  the  Legis- 
lature of  West  Virginia  in  favor  of  a  geological  survey  of  that  State. 

Resolved,  That  the  Association  welcomes  with  great  satisfaction  the 
recent  legislation  of  Congress  authorizing  the  employment  of  metric 
weights  and  measures,  and  taking  steps  facilitating  the  introduction  of 
the  decimal  system,  and  that  it  congratulates  the  nation  upon  this  im- 
portant change,  and  hopes  for  further  progress  in  the  same  direction. 

Resolved,  That  copies  of  these  resolutions  be  sent  to  the  Hon.  Sec- 
retary of  the  Treasury  and  to  the  Chairman  of  the  Special  Committees 
of  the  Senate  and  the  House  of  Representatives  by  which  the  recent 
laws  were  reported. 


VOTES    OF    THANKS. 


Resolved,  That  the  members  of  this  Association  feel  unwilling  to 
separate  without  expressing  tlieir  sincere  thanks  to  the  Committee  of 
Reception,  and  their  high  appreciation  of  the  efforts  made  by  the  citi- 
zens of  Buffalo  to  render  this  meeting  both  efficient  and  comfortable. 
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They  have  been  assiduous  and  untiring  in  their  efforts  to  facilitate  our 
business,  and  by  their  elegant  personal  attentions  have  made  this  visit 
in  all  respects  agreeable  and  attractive.  *" 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  the 
gentlemen  of  the  Committee  of  Reception,  and  especially  to  Col.  Wm. 
A.  Bird,  its  chairman ;  to  Capt.  E.  P.  Dorr,  a  member  of  that  com- 
mittee, and  to  T.  D.  Dole,  Esq.,  Manager  of  the  New  York  Cen- 
tral I^ine  of  Propellers,  for  the  delightful  excursion  on  the  steamer 
Atlantic,  Saturday  afternoon;  also  to  Wm.  A.  Thompson,  Esq.,  Vice- 
President  of  the  Erie  and  Niagara  Railway,  for  his  polite  invitation  to 
the  Association  to  unite  in  an  excursion  to  Niagara  Falls  to-morrow 
morning,  which  invitation  we  accept  with  gratitude  and  pleasure. 

Resolved,  That  the  hearty  thanks  of  this  Association  be  presented  to 
the  Young  Men's  Association  of  Buffalo  for  their  hospitable  and  gen- 
erous welcome,  and  for  all  the  facilities  which  they  have  so  kindly 
placed  at  our  disposal. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  the 
Buffalo  Society  of  Natural  Sciences,  the  Buffalo  Historical  Society, 
and  the  Buffalo  Society  of  the  Fine  Arts,  for  their  sympathy,  and  for 
the  liberality  with  which  they  have  thrown  open  their  valuable  and 
interesting  collections  for  our  examination  and  use  ;  and  that  we  desire 
to  join  with  our  thanks  an  expression  of  our  cordial  wishes  for  their 
continued  success  and  usefulness. 

Resolved,  That  the  thanks  of  the  Association  are  due  to  the  Press  of 
Buffalo  and  to  the  New  York  Tribune  for  the  very  full  and  accurate 
reports  given  of  its  proceedings. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  Presi- 
dent Barnard  for  the  dignity  and  ability  with  which  he  has  presided 
over  its  sessions  during  the  present  meeting. 
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*  EEPORT.OF    THE    PERMANENT    SECRETARY. 

Tins  report  includes  the  whole  interval  of  time  from  the  commence- 
ment of  the  Newport  meeting  (August  1st,  18G0)  to  that  of  the  Buffalo 
meeting  (August  15th,  1866).  The  usual  duties  of  the  office  were  dis- 
charged until  the  publication  and  distribution  of  the  Newport  volume 
(January  1,  1861).  Since  then,  on  account  of  the  interruption  in  our 
meetings,  the  most  onerous  duties  of  the  office  have  been  suspended, 
and  the  Permanent  Secretary  has  had  nothing  to  do  except  to  conduct 
the  cori-espondence  of  the  Association  and  to  carry  forward  the 
exchanges  of  publications. 

By  a  standing  vote  of  the  Association,  a  salary  of  five  hundred  dollars 
($500)  a  year  is  paid  to  this  officer.  The  undersigned  has  understood 
this  vote  as  not  applying  to  the  interval  during  which  the  meetings  of 
the  Association  were  suspended.  During  the  present  meeting,  how- 
ever, the  Association  have,  by  special  vote,  paid  to  the  Permanent 
Secretary  at  the  rate  of  about  forty  dollars  a  year  for  services 
performed  since  January  1,  1861. 

In  renewing  the  meetings  of  the  Association  at  a  place  not  contem- 
plated by  the  members  present  at  its  last  meeting,  and  for  which  no 
Local  Committee  and  no  Local  Secretary  had  been  appointed,  it  became 
necessary  for  the  Permanent  Secretary  to  assume  the  duties  of  the 
Local  Secretary  and  to  issue  the  cii'cular  for  the  Buffiilo  meeting. 

The  Association  now  consists  of  six  hundred  and  twenty-seven 
members.  Thirty-six  were  added  at  Newport  and  two  hundred  and 
seventy-one  were  then  struck  off  on  account  of  delinquencies  in  the 
payment  of  assessments :  their  aggregate  indebtedness  to  the  Associ- 
ation being  twenty-four  hundred  and  thirty  nine  dollars  ($2439). 

The  financial  condition  of  the  Association  is  as  follows  :  — 

Between  August  1,  1860  (the  first  day  of  the  Newport  meeting) 
ani  August  15, 1866  (the  first  day  of  the  Buffalo  meeting),  the  income 
has  amounted  to  thirteen  hundred  and  forty-six  dollars  and  fifteen 
cents  ($1346.15);  of  which  one  hundred  and  sixty-three  dollars  ($163) 
came  from  the  sale  of  copies  of  Proceedings,  and  the  balance  from  the 
annual  assessments. 

The  expenses  of  the  Association  for  the  same  time  have  been  eight- 
een hundred  and  thirty-six  dollars  and  sixty-nine  cents  ($1836.69), 
which  may  be  classified  in  general  as  follows :  — 
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Cost  of  pjipei*,  printing,  etc.,  for  the  Newport  volume  of 
Proceedings,  nine  hundred  and  seventy-two  dollars  and 
forty  cents, $972.40 

Charges  connected  with  the  Newport  meeting,  forty-three 
dollars    and  seventy-five  cents,  ....  43.75 

Charges  connected  with  the  notifications  for  the  Buffalo 

meeting,  thirty-dollars,  .         .         .         .         .  ■       .  *   30.00 

Salary  of  the  Permanent  S(^retary,  five  hundred  -lollars,  500.00 

Postage,  Express  charges,  and  other  expenses,  ninety  dol- 
lars and  fifty-four  cents,       ......  90.54 

Appropriation  to  the  Permanent  Secretary,      .         .         .  200.00 

The  particular  items  may  all  be  found  in  the  cash  account  of  (he 

Secretary,  which  is  herewith  submitted  as  a  part  of  his  report.     The 

balance  in  the  hands  of  the  Permanent  Secretary,  August  15,  1860,  is 

sixty-six   dollars  and  forty-four  cents  ($66.44).     The  balance  in  the 

hands  of  the  Treasurer  is  five  hundred  dollars  ($500).<* 

Joseph  Loveking, 

Permanent  Secretary. 
Buffalo,  August  15,  1866. 


REPORT   OF   THE"  AUDITOR. 

This  certifies  that  I  have  this  day  examined  the  above  account  of 
the  Permanent  Secretary,  comparing  the  credits  with  the  cash  account 
and  receipt-book  and  the  debits  with  the  several  vouchers,  and  find 
the  whole  correct,  and  the  sura  of  sixty-six  dollars  and  forty-four 
cents  credited  to  the  next  account  ($66.44). 

[Signed]  B.  A.  Gould,  Auditor. 

Buffalo,  August  20,  1867. 
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CASH    ACCOUNT    OF    THE 


Dr. 


American   Association  in 


Bradford's  bill  for  care  of  programmes, 
Mackifttosh's  services  as  clerk,     . 
Printing  railroad  circular,     .  .       * 

Folding  and  stitching  programmes, 
Grant  &  Warren,  for  paper,  . 
Rice  «fe  Kendall,  for  paper, 
Welch  &  Bigelow,  for  printing, 
Kilbourn  &  Mallory,  for  wood-cuts, 
'Paper  for  covers  to  Newport  volume, 
Rice  «&  Kendall,  for  paper, 
Allen  &  Farnham,  for  printing. 
Salary  of  Perifhanent  Secretary, 
Bradley  &  Dayton,  for  binding, 
J.  Bien,  for  printing  Bache's  plates, 
Smith^nian  Institution,  for  freight,    . 
Postage  and  discount. 
Express  charges, 

Ripley's  bill,  for  printing  Buffalo  circulars, 
Printed  envelopes  for  Buffalo  ^^irculars. 
Permanent  Secretary,  for  five  years, 

•• 

Balance  to  next  account, 


$15.00 

25.00 

2.50 

1.25 

324.52 

9.00 

11.00 

51.00 

1.20 

6.41 

353.21 

500.00 

64.31 

149.50 

11.75 

43.60 

50.44 

7.00 

10.00 

200.00 

,836.69 
66.44 


$1,903.13 
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PERMANENT    SECRETARY. 

Account  wiHi  Joseph  Lovering.  Cr. 

balance  from  last   account,             ....  $389.98 
Assessments  (from  879  of  old  cash-book  to  183  of  new  cash 

book),  including  sale  of  Proceedings,        .             .             .  1,346. IT) 

Received  from  the  Treasurer,    ....  107.00 


$1,903.13 
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List  of  European  Institutions  to  which  Copies  of  Volumes  XIV. 
of  the  Proceedings  of  the  American  Association  were  distributed  by 
the  Perynanent  Secretary  in  1861. 

Stockholm,  —  Kongliga  Svenska  Vetenskaps  Akademien. 
Copenhagen,  —  Kongel.  danake  Vidensk.  Selskab.       ^ 
Moscow,  —  Societe  Imperiale  des  Naturalistes. 
St.  Petersburg,  —  Academie  Imperiale  des  Sciences. 
"  "  »■  Kais.  Kuss.  Mineralogische  Gesellschaft. 

"  "  Observatoire  Physique  Centrale  de  Russie.* 

PuVcowa,  —  Observatoire  Impei'iale.t 
Amsterdam,  —  Academie  Royale  des  Sciences. 

"  Genootschap  Natura  Artis  Magistra.t 

"  Zoological  Garden.f 

Haarlem,  —  HoUandsche  Maatschappij  der  Wettenschappen. 
Berlin,  —  K.  P.  Akademie  der  AYissenchaften. 

"  Gesellschaft  fur  Erdkunde. 

Bonn,  —  Naturhist.  Verein  der  Preussisch.  Rheinlandes,*  &c. 
Breslau,  —  K.  L.  C.  Akademie  der  Naturforschen. 
Franckfart,  —  Senckenbergische  Naturforschende  Gesellschaft. 
Freiberg,  —  Koniglich-Siichsische  Bergakademie. 
Gottingen,  —  Konigl.  Gesellschaft  der  Wissenschaften. 
Hamburg,  —  Naturwissenschaftlicher  Verein. 
Leipsic,  —  Koniglich  Silchsische  Gesellschaft  der  Wissenschaften. 
Munich,  —  K.  B.  Akademie  der  Wissenschaften. 
Prag,  —  K.  Bohm.  Gesellschaft  der  Wissenchafteu. 
Stuttgart,  —  Verein  fur  Vaterlandische  Naturkunde. 
Vienna,  —  K,  Akademie  der  Wissenschaften. 

"  ^.  K..Geographischen  Gesellschaft. 

"  Geologischen  Reichsanstalt. 

Bern,  —  Allgemeine  Schweizerische  Gesellschaft. 

"  Naturforschende  Gesellschaft.* 

Basel,  —  Naturforschende  Gesellschaft. 
Geneve, —  Societe  de  Physique  et  d'Histoire  Naturelle. 


*  Also,  Volumes  IX.  to  XIII.  inclusive. 
t  Also,  Volumes  XII.  and  XIII. 
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NeuchateU  —  Soci^t^  des  Science  Naturelles. 
Bnixelles,  —  Academie  Rf)yale  des  Sciences,  &c. 
Liege,  —  Socicte  Royale  des  Sciences. 
Paris,  —  Institut  de  France. 
"  Societe  Philomatique. 

"  Societe  Meteorologique  de  France. 

Dijon,  —  Academie  des  Sciences,  &c. 

Lille,  —  Societe  Nationale  des  Sciences,  de  rAgriculture,  et  des  Arts. 
Turin,  —  Accademia  Reale  delle  Scienzie. 
Madrid,  —  Real  Academia  de  Ciencias. 
Cambridge,  —  Cambridge  Pliilosophical  Society. 
Dublin,  —  Royal  Irish  Academy. 
Edinburgh^  —  Royal  Society. 
London,  —  Board  of  Admiralty. 

"  East  India  Company. 

"  Museum  of  Practical  Geology. 

"  Royal  Society. 

"  Royal  Astronomical  Society.f 

"  Royal  Geographical  Society.f 

Manchester,  —  Literary  and  Philosphical  Society.  t 
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